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PREFACE 



This book has been written for men of the Navy and of the Naval 
Reserve who are studying for advancement to the rates of Construction 
Electrician First or Chief. Combined with the necessary practical experi- 
ence, the information contained herein will aid the reader in preparing for 
an advancement in rating examination. 

The first chapter of this book contains general information concerning 
the work and responsibilities of a Construction Electrician, First Class 
or Chief Construction Electrician together with suggestions for additional 
study aids. Subsequent chapters discuss electrical sketching and planning, 
controllers and protective devices, electrical testing equipment, power 
generators, power distribution equipment, wire communications, training, 
formanship, defensive combat, and ABC equipment. 

As one of the Navy Training Courses, this book was prepared by the 
Navy Training Publications Center for the Bureau of Naval Personnel. 
Review for technical accuracy was contributed by the Construction Elec- 
tricians' School, Port Hueneme, and by technical experts from the Bureau 
of Yards and Docks. 
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THE UNITED STATES NAVY 

GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 

WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea. under 
the sea. and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 

THE SCOPE OF YOUR JOB 



Those stripes on your arm show that you 
have been a Construction Electrician long enough 
to realize the importance of your rating to the 
Navy. They indicate that you have learned your 
job well and mark you as having served the 
Navy as an expert in the field of electrical 
equipment— both power and communications. 

From your years of experience, you un- 
doubtedly realize the amount of care and effi- 
cient workmanship demanded of the men in your 
rating. In a construction battalion, especially, 
efficient operation is closely related to efficient 
installation and maintenance procedures for 
electrical equipment. As a CEl or CEC, you 
will have an opportunity and a responsibility 
to see that the men whom you supervise are 
meeting required installation and maintenance 
standards. 

Previously, in studying for advancement, 
you have concentrated upon increasing your 
technical skills and developing the knowledge 
essential to those who work on electrical 
equipment. Throughout your naval career, you 
must continue to study and to develop your 
knowledge and skills. As a CEl or CEC, you 
have the additional responsibility of super- 
visory duties. A successful supervisor must 
be a leader, organizer, and teacher. 

You are aware that you need actual ex- 
perience to master a skill or a technique. You 
will find that you also need experience to be- 
come a good supervisor. But, just as you 
learned some of the fundamentals of electricity 
from textbooks, so you can learn of the prin- 
ciples of supervision from the experience of 
others. This text contains some of the technical 
aspects of your job and also some of the basic 
principles of good supervision. 

The remainder of this chapter gives infor- 
mation that will help you in working for ad- 
vancement in rating. It is strongly recommended 
that you study it carefully before beginning 
intensive study of the remainder of this training 
course^ 



THE ENLISTED RATING STRUCTURE 

The present enlisted rating structure, es* 
tablished in 1957, includes three types of 
ratings: general ratings, service ratings, and 
emergency ratings. 

GENERAL RATINGS are designed to provide 
paths of advancement and career development. 
A general rating identifies a broad occupational 
field of related duties and functions requiring 
similar aptitudes and qualifications. General 
ratings provide the primary means used to 
identify billet requirements and personnel qual- 
ifications. Some general ratings include service 
ratings; others do not. Both Regular Navy and 
Naval Reserve personnel may hold general 
ratings. 

Subdivisions of certain general ratings are 
identified as SERVICE RATINGS. These service 
ratings identify areas of specialization within 
the scope of a general rating. Service ratings 
are established in those general ratings in which 
specialization is essential for efficient utili- 
zation of personnel. Although service ratings 
can exist at any petty officer level, they are 
most common at the P03 and P02 levels. Both 
Regular Navy and Naval Reserve personnel may 
hold service ratings. 

EMERGENCY RATINGS identify essentially 
civilian occupations. Emergency ratings are not 
identified as ratings in the peacetime Navy, but 
their identification is required in time of war. 



THE CONSTRUCTION ELECTRICIAN RATING 

As a CEl or CEC, you will be in a GENERAL 
RATING rather than in a SERVICE RATING. A 
general rating reflects qualifications in ALL 
aspects of an occupational field rather than in 
one aspect only. For example, a Construction 
Electrician in pay grade E4 or E5 is required 
to be proficient in only one phase of the CE 
rating— the wiring, power, telephone, or the 
shop phase. At the levels of E6 or E7, however, 
he is required to be competent in ALL phases 
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of the CE rating. You advanced through one of 
the CE service ratings— CEW, CEP, CET or 
CES. Before advancing to pay grade E6, it is 
necessary for you to learn the essentials of the 
other service ratings. If you have specialized, 
for example in power, you must learn about the 
other 3 service ratings as well. Before you 
advance to the rate of chief, you must learn 
how to CROSS TRAIN men in lower grades— that 
is, to give them training in the service ratings 
in which they have not specialized in order that 
they may advance to the general rating. 

As a Navy fighting man you will also par- 
ticipate in the Navy leadership program set 
forth in General Order No. 21. The general 
order defines Navy leadership in the following 
terms: 

By Naval leadership is meant the art of 
accomplishing the Navy's mission through 
people. It is the sum of those qualities of 
intellect, of human understanding and of moral 
character that enable a man to inspire and to 
manage a group of people successfully. Effective 
leadership, therefore, is based on personal 
example, good management practices, and moral 
responsibility. The term leadership as used in 
this order shall include all three of these 
elements. 

Leadership and supervision are discussed 
in another section of this chapter. 



ADVANCEMENT IN RATING 

By this time, you are probably well aware 
of the personal advantages of advancement in 
rating— higher pay, greater prestige, more in- 
teresting and challenging work, and the satis- 
faction of getting ahead in your chosen career. 
By this time, also, you have probably discovered 
that one of the most enduring rewards of ad- 
vancement is the training you acquire in the 
process of preparing for advancement. 

The Navy also profits by your advancement. 
Highly trained personnel are essential to the 
functioning of the Navy. By each advancement 
in rating, you increase your value to the Navy 
in two ways. First, you become more valuable 
as a technical specialist in your own rating. 
And second, you become more valuable as a 
person who can supervise, lead, and train 
others and thus make far-reaching contributions 
to the entire Navy. 

Since you are studying for advancement to 
POl or CPO, you are probably already familiar 



with the requirements and procedures for ad- 
vancing in rating. However, you may find it 
helpful to read the following sections. The Navy 
does not stand still. Things change all the time, 
and it is possible that some of the requirements 
have changed since the last time you were going 
up for advancement in rating. Furthermore, you 
will be responsible for training others for ad- 
vancement, and so will need to know the require- 
ments in some detail. 



HOW TO QUALIFY FOR ADVANCEMENT 

To qualify for advancement in rating, a 
person must: 

1. Have a certain amount of time in grade. 

2. Complete the required military and pro- 
fessional training courses. 

3. Demonstrate the ability to perform all 
the PRACTICAL requirements for advancement 
by completing applicable portions of the Record 
of Practical Factors, NavPers 760. 

4. Be recommended by his commanding 
officer. 

5. Demonstrate his KNOWLEDGE by passing 
a written examination on (a) military require- 
ments, and (b) professional qualifications. 

Some of these general requirements may 
be modified in certain ways. Figure 1-1 gives 
an overall view of the requirements for advance- 
ment of active duty personnel; figure 1-2 gives 
this information for inactive duty personnel. 

Remember that the requirements for ad- 
vancement can change. Check with your infor- 
mation and education officer to be sure that you 
know the most recent requirements. 

When you are training lower rated personnel, 
it is a good idea to point out that advancement 
in rating is not automatic. Meeting all the re- 
quirements makes a person ELIGIBLE for 
advancement, but it does not guarantee his 
advancement. Such factors as the score made 
on the written examination, length of time in 
service, performance marks, and the quotas 
for the rating enter into the final determination 
of who will actually be advanced. 



HOW TO PREPARE FOR ADVANCEMENT 

Preparations for advancement in rating in- 
clude studying the qualifications, working on 
the practical factors, studying the required 
Navy Training Courses, and studying any other 
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AQIVE DUTY ADVANCEMENT REQUIREMENTS 



REQUIREMENTS* 


El toE2 


E2 to E3 


E3 to E4 


E4 to ES 


ESto E6 


E6 to E7 


t E7 to E8 


t E8 to E9 


SERVICE 


4 mos. 
$«ivke— 
or 

tion of 
recruit 
training. 


6 mos. 
OS E-2. 


6 mos. 
as E-3. 


12 mos. 
as E-4. 


24 mos. 
OS E-5. 


36 mos. 
OS E-6. 


48 mos. 
as E-7. 
8 of 11 

jWt 9 

total 
service 
must be 
enlisted. 
Must be 
perma- 
nent 
appoint- 
ment. 


24 mos. 
as E-8. 
10 of 13 

total 
service 
must be 
enlisted. 


SCHOOL 


Recruit 
Training. 




Class A 
for PR3, 
DT3, PT3. 
tAME3 






Class B 
for AGCA, 
MUCA, 
MNCA. 


PRACTICAL 
FACTORS 


locally 
prepared 
check- 
offs. 


Records of Practical Factors, NavPers 760, must be 
completed for E-3 and all PO advancements. 


PERrORMANCE 
TEST 




Specified rotings must complete 
applicable performance tests be- 
fore taking examinations. 






ENLISTED 

PERFORMANCE 

EVALUATION 


As used by CO 
when approving 
odvancement. 


Counts toward performance factor credit in 
voncement multiple. 


ad- 


EXAMINATIONS 


locally prepared 
tests. 


Service-wide examinations required 
for all PO advancements. 


Service-wide, 
selection board, 
and physicol. 


NAVY TRAINING 
COURSE (INCLUD- 
ING MILITARY 
REQUIREMENTS) 




Required for E-3 and all PO advancements 
unless waived because of school comple- 
tion, but need not be repeated if identical 
course has already been completed. See 
NavPers 10052 (current edition). 


Correspondence 
courses and 
recommended 
reading. See 
NavPers 10052 
(current edition). 


AUTHORIZATION 


Commonding 
Officer 


U.S. Naval Examining Center 


Bureau of Naval Personnel 


TARS are advanced to fill vacancies and must be ap- 
proved by CNARESTRA. 







* All odvancements require commanding ofTicer^s recommendation, 
t 2 years obligated service required. 
} 3 years obligoted service required, 
f Effective 1 Jon. 1963. 



Figure 1-1.— Active duty advancement requirements. 
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INAGIVE DUTY ADVANCEMENT REQUIREMENTS 



REQUIREMENTS* 


E1toE2 


E2 to E3 


E3to E4 


E4toE5 


E5toE6 


E6roE7 


E8 


E9 




FOR THESE 
DRILLS PER 


















TOTAl 

TIME 

IN 

GRADE 


48 

24 

NON- 
DRILLING 


9 mot. 
12 mot. 


6 mot. 
9 mot* 

24 mot. 


15 mot. 
IS mot. 

24 mot. 


11 mot. 
18 mo%^ 

36 mot. 


24 mot. 
24 mot. 

48 mot. 


36 mot. 
36 mot. 

48 mot. 


48 mot. 
48 mot. 


24 nMM. 
24 mot. 


DRILLS 

AnENDED 

IN 

GRADE t 


48 

24 


IS 

16 


IS 

16 


45 

27 


54 

32 


72 
42 


108 
64 


144 
85 


72 
32 


TOTAL 
TRAINING 
DUn IN 
GRADE t 


48 
24 

NON- 
DRILLING 


Mdoyt 
Mdoyt 

Nono 


Mdoyt 
Mdoyt 

Honm 


Mdoyt 
Mdoyt 

Mdoyt 


Mdoyt 
Mdoyt 

Mdoyt 


28 doyt 
28 doyt 

28 doyt 


42 doyt 
42 doyt 

28 doyt 


56 doyt 
56 doyt 


28 doyt 
28 doyt 


PERFORMANCE 
TESTS 






Spocifiod rotingt mutt comploto opplicoblo 
porformonco tottt boforo taking oxomi- 
notion. 


PRAGICAL FAaORS 
(INCLUDING MILITARY 
REQUIREMENTS) 


Ro<ord off Procticol Foctort, ^4avP•rt 760, mutt bo complotod 
for oil o<tvoncomontt. 


NAVY TRAINING 
COURSE (INCLUDING 
MILITARY REQUIRE. 
MENTS) 


ComploHon of opplicoblo courto or courtot mutt bo onforod 
In torvko rocord. 


EXAMINATION 


Stofidord oxomt oro mod whoro ovoiloblo, 
oHftorwIto locolly proporod oxomt oro vtod. 


Stondofd EXAM, 
Soloction 
ftoordr ond 
Phytkol. 


AUTHORIZATION 


Dittrict commondont or CNARESTRA 


Svroou of Novo! 
Portonnol 



* t«comm»ndotion by cemmonding ofRcor roquirod for all odvoncomontt. 
t Activo duty poriodt may bo tubstttvtod for drilk ond troining duty. 



Figure 1-2.— Inactive duty advancement requirements. 
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material that may be specified for the rate and 
rating. To prepare for advancement yourself or 
to help others prepare for advancement, you will 
need to be familiar with (1) the Quals Manual, 
(2) the Record of Practical Factors, NavPers 
760, (3) a NavPers publication called Training 
Publications for Advancement in Rating , 
NavPers 10052, and (4) Navy Training Courses. 
The following sections describe these materials 
and give some information on how to use them 
to best advantage. 



The Quals Manual 

The Manual of Qualifications for Advance- 
ment in Rating, NavPers 18068 (with changes), 
gives the minimum requirements for advance- 
ment to each rate within each rating. This 
manual is usually called the ''Quals Manual", and 
the qualifications themselves are often called 
"quals." The qualifications are of two general 
types: (1) military requirements, and (2) pro- 
fessional or technical qualifications. Military 
requirements apply to all ratings rather than 
to any one rating alone. Professional qualifi- 
cations are technical or professional require- 
ments that are directly related to the work of 
each rating. 

Both the military requirements and the pro- 
fessional qualifications are divided into subject 
matter groups. Then, within each subject matter 
group, they are divided into PRACTICAL FAC- 
TORS and KNOWLEDGE FACTORS. 

The professional qualifications for advance- 
ment in your rating are printed as an appendix 
at the back of this training course. These 
qualifications were current at the time this 
training course was printed. However, the Quals 
Manual is changed more frequently than Navy 
Training Courses are revised. By the time you 
are studying this training course, therefore, 
the quals for your rating may have been changed. 
Never trust any set of quals until you have 
checked the change number against an UP-TO- 
DATE copy of the Quals Manual. 

In training others for advancement in rating, 
emphasize these three points about the quals: 

1. The quals are the MINIMUM requirements 
for advancement to each rate within the rating. 
Personnel who study MORE than the required 
minimum will have a great advantage when they 
take the written examinations for advancement. 

2. Each qual has a designated rate level- 
chief, first class, second class, or third class. 



You are responsible for meeting all quals 
specified for the rate level to which you are 
seeking advancement AND all quals specified 
for lower rate levels. To advance to chief, 
therefore, you must meet all requirements for 
advancement to all rates within the rating. 

3. The written examinations for advance- 
ment in rating will contain questions relating 
to the practical factors AND to the knowledge 
factors of BOTH the military requirements and 
the professional qualifications. 



Record of Practical Factors 

A special form known as the RECORD OF 
PRACTICAL FACTORS, NavPers 760, is used 
to record the satisfactory performance of the 
practical factors. This form, which is available 
for all ratings, lists all the military and all the 
professional practical factors. Whenever a per- 
son demonstrates his ability to perform a 
practical factor, appropriate entries must be 
made in the DATE and INITIALS columns. As 
a POl or CPO, you will often be required to 
check the practical factor performance of lower 
rated personnel and to report the results to 
your supervising officer. 

As changes are made periodically to the 
Quals Manual, new forms of NavPers 760 are 
provided when necessary. Extra space is al- 
lowed on the Record of Practical Factors for 
entering additional practical factors as they 
are published in changes to the Quals Manual. 
The Record of Practical Factors also provides 
space for recording demonstrated proficiency 
in skills which are within the general scope 
of the rating but which are not identified as 
minimum qualifications for advancement. Keep 
this in mind when you are training and super- 
vising other personnel. If a person demonstrates 
proficiency in some skill which is not listed in 
the quals but which is within the general scope 
of the rating, report this fact to the supervising 
officer so that an appropriate entry can be made 
in the Record of Practical Factors. 

When you are transferred, the Record of 
Practical Factors should be forwarded with 
your service record to your next duty station. 
It is a good idea to check and be sure that this 
form is actually inserted in your service record 
before you are transferred. If the form is not 
in your record, you may be required to start 
all over again and requalify in practical factors 
that have already been checked off. You should 
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also take some responsibility for helping lower 
rated personnel keep track of their practical 
factor records when they are transferred. 

NavPers 10052 

Training Publications for Advancement in 
Rating , NavPers 10052 (revised) is a very 
important publication for anyone preparing for 
advancement in rating. This publication lists 
required and recommended Navy Training 
Courses and other reference material to be 
used by personnel working for advancement in 
rating. NavPers 10052 is revised and issued 
once each year by the Bureau of Naval Per- 
sonnel. Each revised edition is identified by a 
letter following the NavPers number. When using 
this publication, be SURE you have the most 
recent edition. 

The required and recommended references 
are listed by rate level in NavPers 10052. It is 
important to remember that you are responsible 
for all references at lower rate levels, as well 
as those listed for the rate to which you are 
seeking advancement. 

Navy Training Courses that are marked with 
an asterisk (♦) in NavPers 10052 are MANDA- 
TORY at the indicated rate levels. A mandatory 
training course may be completed by (1) passing 
the appropriate Enlisted Correspondence Course 
that is based on the mandatory training course; 
(2) passing locally prepared tests based on the 
information given in the mandatory training 
course; or (3) in some cases, successfully com- 
pleting an appropriate Navy school. 

When training personnel for advancement in 
rating, do not overlook the section of NavPers 
10052 which lists the required and recommended 
references relating to the military requirements 
for advancement. Personnel of all ratings must 
complete the mandatory military requirements 
training course for the appropriate rate level 
before they can be eligible to advance in rating. 
Also, make sure that personnel working for 
advancement study the references which are 
listed as recommended but not mandatory in 
NavPers 10052. It is important to remember 
that ALL references listed in NavPers 10052 
may be used as source material for the written 
examinations, at the appropriate rate levels. 

Navy Training Courses 

There are two general types of Navy Training 
Courses. RATING COURSES (such as this one) 



are prepared for most enlisted ratings. A rating 
training course gives inf or mation that is directly 
related to the professional qualifications of ONE 
rating. SUBJECT MATTER COURSES or BASIC 
COURSES give information that applies to more 
than one rating. 

Navy Training Courses are revised from 
time to time to bring them up to date. The re- 
vision of a Navy Training Course is identified 
by a letter following the NavPers number. You 
can tell whether a Navy Training Course is the 
latest edition by checking the NavPers number 
(and the letter following the number) in the most 
recent edition of List of Training Manuals and 
Correspondence Courses , NavPers 10061. 

Navy Training Courses are designed for the 
special purpose of helping naval personnel pre- 
pare for advancement in rating. By this time, 
you have probably developed your own way of 
studying these courses. Some of the personnel 
you train, however, may need guidance in the 
use of Navy Training Courses. Although there 
is no single "best" way to study a training course, 
the following suggestions have proved useful 
for many people. 

1. Study the military requirements and the 
professional qualifications for your rating before 
you study the training course, and refer to the 
quals frequently as you study. Remember, you 
are studying the training course primarily to 
meet these quals. 

2. Before you begin to study any part of 
the training course Intensively, get acquainted 
with the entire book. Read the preface and the 
table of contents. Check through the index. 
Thumb through the book without any particular 
plan, looking at the illustrations and reading 
bits here and there as you see things that 
Interest you. 

3. Look at the training course In more 
detail, to see how It Is organized. Look at the 
table of contents again. Then, chapter by chapter, 
read the introduction, the headings, and the 
subheadings. This will give you a pretty clear 
picture of the scope and content of the book. 

4. When you have a general Idea of what is 
in the training course and how it is organized, 
fill in the details by intensive study. In each 
study period, try to cover a complete unit— it 
may be a chapter, a section of a chapter, or a 
subsection. The amount of material you can 
cover at one time will vary. If you know the 
subject well, or If the material Is easy, you can 
cover quite a lot at one time. Difficult or un- 
familiar material will require more study time. 
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5. In studying each unit, write down questions 
as they occur to you. Many people find it helpful 
to make a written outline of the unit as they 
study, or at least to write down the most im- 
portant ideas. 

6. As you study, relate the information in 
the training course to the knowledge you already 
have. When you read about a process, a skill, 
or a situation, ask yourself some questions. 
Does this information tie in with past experience ? 
Or is this something new and different? How 
does this information relate to the qualifications 
for advancement in rating? 

7. When you have finished studying a unit, 
take time out to see what you have learned. 
Look back over your notes and questions. Without 
looking at the training course, write down the 
main ideas you have gotten from studying this 
unit. Don't just quote the book. If you can't give 
these ideas in your own words, the chances are 
that you have not really mastered the information. 

8. Use Enlisted Correspondence Courses 
whenever you can. The correspondence courses 
are based on Navy Training Courses or other 
appropriate texts. As mentioned before, com- 
pletion of a mandatory Navy Training Course 
can be accomplished by passing an Enlisted 
Correspondence Course based on the training 
course. You will probably find it helpful to take 
other correspondence courses, as well as those 
based on mandatory training courses. Taking a 
correspondnece course helps you to master the 
information given in the training course, and 
also gives you an idea of how much you have 
learned. 



INCREASED RESPONSIBILITIES 

When you assumed the duties of a P03, you 
began to accept a certain amount of responsibility 
for the work of others. With each advancement 
in rating, you accept an increasing responsibility 
in military matters and in matters relating to 
the professional work of your rating. When you 
advance to POl or CPO, you willfinda noticeable 
increase in your responsibilities for leadership, 
supervision, training, working with others, and 
keeping up with new developments. 

As your responsibilities increase, your 
ability to communicate clearly and effectively 
must also increase. The simplest and most 
direct means of communication is a common 
language. The basic requirement for effective 
communication is therefore a knowledge of your 



own language. Use correct language in speaking 
and in writing. Remember that the basic purpose 
of all communication is understanding. To lead, 
supervise, and train others, you must be able 
to speak and write in such a way that others can 
understand exactly what you mean. 



Leadership and Supervision 

As a POl or CPO, you will be regarded as a 
leader and supervisor. Both officers and enlisted 
personnel will expect you to translate the general 
orders given by officers into detailed, practical, 
on-the-job language that can be understood and 
followed by relatively inexperienced personnel. 
In dealing with your juniors, it is up to you to 
see that they perform their jobs correctly. At 
the same time, you must be able to explain to 
officers any important problems or needs of en- 
listed personnel. In all military and professional 
matters, your responsibilities will extend both 
upward and downward. 

Along with your increased responsibilities, 
you will also have increased authority. Officers 
and petty officers have POSITIONAL authority— 
that is, their authority over others lies in their 
positions. If your CO is relieved, for example, 
he no longer has the degree of authority over 
you that he had while he was your CO, although 
he still retains the military authority that all 
seniors have over subordinates. As a POl, you 
will have some degree of positional authority; 
as a CPO, you will have even more. When 
exercising your authority, remember that it 
is p>ositional— it is the rate you have, rather 
than the person you are, that gives you this 
authority. 



Training 

As a POl or CPO, you will have regular and 
continuing responsibilities for training others. 
Even if you are lucky enough to have a group of 
subordinates who are all highly skilled and well 
trained, you will still find that training is 
necessary. For example, you will always be 
responsible for training lower rated personnel 
for advancement in rating. Also, some of your 
best workers may be transferred; and inex- 
perienced or poorly trained personnel may be 
assigned to you. Or a particular job may call 
for skills thatnoneof your personnel have. These 
and similar problems require that you be a 



7 



CONSTRUCTION ELECTRICIAN 1 & C 



training specialist— one who can conduct formal 
and informal training programs to qualify per- 
sonnel for advancement in rating, and one who 
can train individuals and groups in the effective 
execution of assigned tasks. 

In using this training course, study the in- 
formation from two points of view. First, what 
do you yourself need to learn from it? And 
second, how would you go about teaching this 
information to others? 

Training goes on all the time. Every time a 
person does a particular piece of work, some 
learning is taking place. As a supervisor and 
as a training expert, one of your biggest jobs 
is to see that your personnel learn the RIGHT 
things about each job so that they will not form 
bad work habits. An error that is repeated a 
few times is well on its way to becoming a bad 
habit. You will have to learn the difference be- 
tween oversupervising and not supervising 
enough. No one can do his best work with a 
supervisor constantly supervising. On the other 
hand, you cannot turn an entire job over to an 
inexperienced person and expect him to do it 
correctly without any help or supervision. 

In training lower rated personnel, emphasize 
the importance of learning and using correct 
terminology. A command of the technical lan- 
guage of your rating enables you to receive and 
convey information accurately and to exchange 
ideas with others. A person who does not under- 
stand the precise meaning of terms used in 
connection with the work of his rating is defi- 
nitely at a disadvantage when he tries to read 
official publications relating to his work. He is 
also at a great disadvantage when he takes the 
examinations for advancement in rating. To 
train others in the correct use of technical 
terms, you will need to be very careful in your 
own use of words. Use correct terminology and 
insist that personnel you are supervising use 
it too. 

You will find the Record of Practical Factors, 
NavPers 760, a useful guide in planning and 
carrying out training programs. From this 
record, you can tell which practical factors 
have been checked off and which ones have not 
yet been done. Use this information to plan a 
training program that will fit the needs of the 
personnel you are training. 

On-the-job training is usually controlled 
through daily and weekly work assignments. 
When you are working on a tight schedule, you 
will generally want to assign each person to the 
part of the job that you know he can do best. In 



the long run, however, you will gain more by 
assigning personnel to a variety of jobs so that 
each person can acquire broad experience. By 
giving people a chance to do carefully supervised 
work in areas in which they are relatively in- 
experienced, you will increase the range of 
skills of each person and thus improve the 
flexibility of your working group. 



Working With Others 

As you advance to POl or CPO, you will find 
that many of your plans and decisions affect a 
large number of people, some of whom are not 
even in your own rating. It becomes increasily 
important, therefore, for you to understand the 
duties and the responsibilities of personnel in 
other ratings. Every petty officer in the Navy 
is a technical specialist in his own field. Learn 
as much as you can about the work of other 
ratings, and plan your own work so that it will 
fit into the overall mission of the organization. 



Keeping Up With New Developments 

Practically everything in the Navy— policies, 
procedures, publication, equipment, systems— is 
subject to change and development. As a POl or 
CPO, you must keep yourself informed about 
changes and new developments that affect you or 
your work in any way. 

Some changes will be called directly to your 
attention, but others you will have to look for. 
Try to develop a special kind of alertness for 
new information. When you hear about anything 
new in the Navy, find out whether there is any 
way in which it might affect the work of your 
rating. If so, find out more about it. 



SOURCES OF INFORMATION 

As a POl or CPO, you must have an extensive 
knowledge of the references to consult for ac- 
curate, authoritative, up-to-date information on 
all subjects related to the military requirements 
for advancement and the professional qualifi- 
cations of your rating. 

Some of the publications mentioned here are 
subject to change or revision from time to 
time— some at regular intervals, others as the 
need arises. When using any publication that is 
subject to change or revision, make sure that 
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you have the latest edition. When using any 
publication that is kept current by means of 
changes, be sure you have a copy in which all 
official changes have been made. 



NAVY TRAINING COURSE FORCE 

As mentioned earlier, a CEl or CEC is re- 
sponsible for all of the qualifications required 
for a lower rated CE, as well as for his own 
rate. It may therefore be helpful to review 
material in the Construction Electrician 3 & 2 
training course as well as studying this course. 
You might also get helpful information from the 
Electrician Mate training courses, and other 
professional or basic courses. 

A number of training courses are prepared 
specifically to cover military requirements. 
These courses Include Basic Military Require- 
ments . NavPers 10054; Military Requirements 
for Petty Officer 3 & 2, NavPers 10056, and 
Military Requirements for Petty Officer 1 & C , 
NavPers 10057. Although you have probably 
studied these courses before, you may find that 
a review will be helpful. NavPers 10057, in 
particular, is geared for personnel studying for 
pay grades E6 and E7. The course contains much 
useful material on teaching methods and 
supervision. 

The Manual for Navy Instructors , NavPers 
16103-B, is a special purpose publication that is 
especially useful for personnel who have to carry 
on formal instruction programs. It discusses 
methods of instruction, lesson plans, testing, 
instruction sheets, and similar matters of in- 
terest to instructors. You will find this a helpful 
publication if you give your men formal or in- 
formal training. 



OTHER GOVERNMENT PUBUCATIONS 

Many of the reference materials helpful for 
the CE rating are issued by the United States 
Government. Your training officer should be 
able to obtain these materials for use at your 
activity. If you desire a personal copy of a 
Government publication, write to the Super- 
intendent of Documents, Government Printing 
Office, Washington 25, D.C. and inquire whether 
the publication you desire is for sale; many, in 
fact, are available through this source. 



BuDocks Publications 

The Bureau of Yards and Docks issues a 
number of publications that are of benefit to 
Construction Electricians. Electrical Power 
Generation , chapter 1, TP-Pu-3; Mobile Emer- 
gency Power Plants , chapter 2, TP-Pu-3: Elec- 
tric Power Distribution , chapter 8, TP-Pu-3; 
Advance Base Electrical and Communication 
Systems , TP-PL-15; and Wire Communications 
and Signal Systems , chapter 1, TP-Pe-5, for 
example, contain a great deal of information 
on power generators, power distribution, emer- 
gency power plant and communications systems. 
Although these publications are intended for 
practical use in the field, they also make useful 
reference books for self -study or instruction. 

Mobile Construction Battalion Administra- 
tion . NavDocks P-315, is a guide for the organi- 
zation and administration of MCBs. This 
publication describes battalion organization 
operations, training, safety, and similar mat- 
ters. NavDocks P-315 is a useful publication for 
MCB officers and petty officers. 

The Navy Civil Engineer, NavDocks P-330, 
is a monthly magazine issued by BuDocks. This 
magazine is sent to all Civil Engineer Corps 
officers, so there should be several copies in 
your battalion. The Navy Civil Engineer is in- 
tended to keep CEC officers and other interested 
personnel abreast of developments in the Shore 
Establishment with respect to planning, design, 
construction, and maintenance. Most articles 
discuss Seabee operations or technical 
developments. 

Army Technical Manuals 

The Army has issued a series of technical 
manuals (TMs) on many topics of interest to 
Construction Electricians. The TM 5- series 
contains information on electrical power equip- 
ment, distribution, maintenance, and installation. 
The TM 9- series contains information on elec- 
trical communications equipment. You will find 
many of the publications in the 5 and 9 series 
very helpful. 

The titles of all TMs are listed in the Index 
of Technical Manuals , Department of the Army 
Pamphlet No. 310-4. 

Landing Party Manual 

The Landing Party Manual , OPNAV P 34-03, 
is the Navy's guide for organizing landing 
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parties from units afloat and emergency ground 
defense force units. It contains chapters on such 
matters as military drill ceremonies, interior 
guard duty, special operations, combat tech- 
niques, and combat principles among others. The 
chapters on combat are particularly important 
to men in the Seabee ratings, since Seabees are 
responsible for defending their own areas. 



MANUFACTURERS' MANUALS 

When new equipment is procured by the Navy, 
this equipment almost always is accompanied 
by a manual of operating, maintenance, and 
installation instructions. These manuals should 
be kept readily available for reference. They 
describe in detail the procedures for installing, 
operating and maintaining a specific piece of 
equipment. 

Study the manualsfor each piece of equipment 
for which you are responsible; make certain that 
you understand the manual thoroughly. It will be 
the men assigned to you, of course— not you— who 
will actually install and maintain the equipment. 
Your responsibility is to make certain that the 
men understand their equipment and that they 
know how to follow the instructions in the 
manufacturer's manual or manuals for a specific 
piece of equipment. To carry out your respon- 
sibility in this respect, you must become 
thoroughly familiar with both the equipment and 
the accompanying manuals. 



COMMERCIAL PUBLICATIONS 

There are many commercial publications of 
use to Construction Electricians. Numerous 
texts have been published dealing with the 
fundamentals of electricity to the complex 
engineering phases. You will profit by studying 
some of these texts to increase your knowledge; 
you may also find some of these texts helpful 
as instruction manuals for your men. 

No attempt will be made here to list all 
commercial publications that may be useful; 
only two will be mentioned. The officers in 
your battalion may be able to recommend others; 
some commercial texts may be available in 
your battalion. 

The Lineman's Handbook by Edwin B, Kurtz, 
published by McGraw-Hill Book Company Inc. of 
New York, New York, is a handbook covering 
all phases of power distribution, construction 



and maintenance procedures. It may be used as 
a home-study book for those in the CEP rating. 

National Electrical Code , by National Board 
of Fire Underwriters, New York, New York, is 
an excellent guide for proper and safe pro- 
cedures in installing electrical devices. 



TRAINING FILMS 

Training films available to naval personnel 
are a valuable source of supplementary infor- 
mation on many technical subjects. A selected 
list of training films that may be useful to you 
is given in Appendix I of this training course. 
Other films that may be of interest are listed 
in the United States Navy Film Catalog. NavPers 
10000 (revised). 



ADVANCEMENT OPPORTUNITIES FOR 
PETTY OFFICERS 

Making chief is not the end of the line as 
far as advancement is concerned. Proficiency 
pay, advancement to E-8 and E-9, and advance- 
ment to commissioned officer status are among 
the opportunities that are available to qualified 
petty officers. These special paths of advance- 
ment are open to personnel who have demon- 
strated outstanding professional ability, the 
highest order of leadership and military re- 
sponsibility, and unquestionable moral integrity. 



PROFICIENCY PAY 

The Career Compensation Act of 1949, as 
amended, provides for the award of proficiency 
pay to designated enlisted personnel who possess 
special proficiency in a military skill. Pro- 
ficiency pay is given in addition to your regular 
pay and allowances and any special or incentive 
pay to which you are entitled. Enlisted personnel 
in pay grades E-4 through E-9 are eligible for 
proficiency pay. Proficiency pay is allocated by 
ratings, with most awards being given in the 
ratings which are designated as critical. The 
eligibility requirements for proficiency pay are 
subject to change. In general, however, you must 
be recommended by your commanding officer, 
have a certain length of time on continuous 
active duty, and get a sufficiently high mark on 
a Navy-wide proficiency examination in the 
subject matter of your own rating. 
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ADVANCEMENT TO E-8 AND E-9 

Chief petty officers may qualify for the ad- 
vanced grades E-8 and E-9 which are now 
provided in the enlisted pay structure. These 
advanced grades provide for substantial in- 
creases in pay, together with increased re- 
sponsibilities and additional prestige. The re- 
quirements for advancement to E-8 and E-9 are 
subject to change, but in general include a 
certain length of time in grade, a certain length 
of time in the naval service, a recommendation 
by the commanding officer, and a sufficiently 
high mark on the servicewide examination. The 
final selection for E-8 and E-9 is made by a 
regularly convened selection board. 



ADVANCEMENT TO COMMISSIONED OFFICER 

The Limited Duty Officer (Temporary) Pro- 
gram provides a path of advancement to com- 
missioned officer status for outstanding petty 
officers of the Regular Navy. LDOs are limited, 



in their duty, to the broad technical fields 
associated with their former rating. 

Advancement to LDO may be made from POl 
or above. Education, length of service, and 
maximum age limits are usually specified in 
the requirements for advancement to LDO, How- 
ever, these requirements vary according to 
circumstances. If you are interested in ad- 
vancing to LDO, ask your information and 
education officer for the latest requirements 
that apply to your particular case. 

Another path of advancement to commissioned 
officer status is provided by the Integration 
Program. Enlisted personnel possessing the 
required qualifications may be appointed under 
this program to the grade of ensign in the Line, 
Supply, or Civil Engineer Corps of the Regular 
Navy. Education, length of service, and maximum 
age limits are included in the requirements for 
eligibility under this program. Eligibility re- 
quirements for this program, as well as for the 
other programs discussed here, are subject to 
change. 
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CHAPTER 2 

ELECTRICAL SKETCHING AND PLANNING 



Blueprints, schematics, wiring diagrams, 
drawings, and plans are familiar to you by now. 
But did you ever stop to realize the important 
part they play in your work as a Construction 
Electrician? Wiring a building, installing equip- 
ment, and locating troubles are all simplified 
through the use of electrical drawings. 

Take a look at figure 2-1. How long do you 
think it would take to wire that switchboard if 
an electrician has to stop and figure out each 
connection separately? Probably about 6 months. 
But with the aid of a drawing it could be finished 
in a few days. 
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Figure 2-1. -Wiring a switchboard. 



Most first-and second-class CEs have had 
some experience working with drawings. But, if 
you haven't had the opportunity to work with the 
many types of drawings, this chapter will give 
you a glimpse of the application and importance 
of each drawing in electrical construction, and 
how to sketch and lay out a drawing using the 
proper symbols. 

There are two Navy Training Courses listed 
in TRAINING PUBLICATIONS for ADVANCE ^ 
MENT in RATING , NavPers 10052 that you should 
be familiar with; Construction Electrician s & 2. 
NavPers 10636-D, and Blueprint Reading and 
Sketching , NavPers 10077-A. If you have prop- 
erly studied chapters 1, 6 and 9 of the latter and 
chapter 3 of the former, you should be familiar 
with the basic sketching techniques. You should 
also be familiar with the various types of draw- 
ings such as orthographic, isometric, perspec- 
tive, and so on; and parts of drawings, such as 
symbols, title block, bill of material, notes, 
legends, details, and cross sections. 



MAKING SENSE OUT OF SYMBOLS 

The major difficulty you may have experi- 
enced in trying to read prints may be summed 
up in one fact— your unfamiliarity with the sym- 
bols and abbreviations used. This is understand- 
able, however, for there are several thousand 
symbols. To make the situation worse, drafts- 
men have not always used the same symbols or 
abbreviations to represent certain items. For- 
tunately, however, the armed services have 
standardized the use of these symbols and 
abbreviations. To eliminate discrepancies, a 
Military Standard for Electrical and Electronic 
Symbols, MIL-STD-15A, Abbreviations for 
Use on Drawings, MIL-STD-12A, Electrical and 
Electronics Reference Designations, MIL-STD- 
16B and Abbreviations (for Electrical and Elec- 
tronics Use) MIL-STD-103, have been issued. 
These publications list the proper electrical 
symbols and abbreviations to be used on all 
military drawings. 
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Always try to picture the item a symbol is 
representing. Then, as you trace each circuit, 
you will begin to visualize the proper location 
of the various pieces and their importance to the 
complete installation. Figure 2-2 illustrates 
each item opposite its corresponding symbol. 

The best way to learn how to recognize sym- 
bols and abbreviations is through practice. Avail 
yourself of every opportunity to study the prints 
of the installation to which you are assigned. 
Trace the circuits and find out the meaning of 
each unfamiliar symbol and abbreviation that 
you encounter. Then go back, when the installa- 
tion is completed, and compare the finished job 
with the prints. All the lines, abbreviations, 
notes, and symbols will fit into a definite pattern. 

SKETCHING 

Sketching is a freehand method of drawing 
shape, size, and/or location of objects, and is 
a convenient and important means of communi- 
cation. Objects or views can normally be drawn 
more quickly freehand than with instruments. 

The First Class and Chief CE should develop 
a habit of furnishing sketches with appropriate 
electrical symbols, to members of his crew 
that are assigned projects (other than routine 
jobs). Equipped with a sketch or plan of the work 
to be done, the men will normally be better 
informed on what is to be done, will be able to 
determine the exact amount and type of material 
required, and will make less errors. This will 
result in a saving of time and material. 

MODIFICATION OF BUILDINGS 

BuDocks has prepared a series of drawings 
(Na vDock P - 1 40) to cove r most installations used 
at advance bases. There are occasions, however, 
when a building is required to be modified or 
used for another purpose than originally intended. 

Let us assume that, with more emphasis 
being placed on atomic, biological, and chemical 
warfare, there is a need to train personnel in 
disaster control. Figure 2-3 shows a floor plan 
of a typical advance base storage building, modi- 
fied by adding an ABC gear storage room, equip- 
ment maintenance room, and the layout of the 
required classroom furniture. Let's further as- 
sume that you are to sketch a wiring diagram 
for the above mentioned floor plan and to provide 
some general information on the light and power 
requirements. How would you sketch it? 



In general your sketch would probably be 
similar to the one illustrated in figure 2- 3. This 
particular sketch will serve three important 
purposes: 

1. It will graphically show the originator 
(P & E officer) the exact location of the lights 
and power outlets, and give him an opportunity 
to make changes if necessary, before final 
approval. 

2. It will serve as a blueprint for CEs to 
follow in the actual wiring of the building. 

3. It can be utilized to estimate the amount 
and type of material required to complete the 
project. 

A simple sketch can be a tremendous help, 
particularly to third class CEs who have had 
little or no experience in some phases of wiring. 

Let's take a hypothetical case of a power 
failure caused by a damaged transformer con- 
nected delta- delta, three-phase, in a three- 
transformer bank. The center transformer of the 
bank is defective. The transformer cannot be 
readily repaired, and a replacement will not be 
available for a couple of days. Your immediate 
decision is to connect the two remaining trans- 
formers in an open delta connection and in this 
way supply approximately 60 percent of the load. 
You have a third class CE available who has had 
very little experience in transformer connection, 
and you feel that he does not understand just 
how to make an open delta connection. If you 
draw a rough sketch such as the one illustrated 
in figure 2-4, showing the third class how to 
connect the two remaining transformers, open 
delta, it will be almost impossible for him to err. 

A sketch such as the one illustrated in fig- 
ure 2-4 will help to instill confidence in some of 
the less experienced personnel in your crew, and 
give them a better understanding, in this case, 
of a three-phase, two transformer, open-delta 
connection. 



ADDITION TO EXISTING FACILITIES 

A knowledge of sketching will come in handy 
when you are required to assign your crew to a 
job rearranging existing lighting, or to supply 
additional lighting to increase the foot candle- 
power. It will also help when you need to add 
special wiring for additional apparatus or equip- 
ment; add switches and outlets due to adding 
partitions, entrances and exits; and increase 
power load due to additional electrical consump* 
tion over and beyond estimated need. 
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Figure 2-2.— Interpreting electrical symbols. 
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Figure 2-3,-An electrical sketch. 
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DISCONNECT ALL PRIMARY — ' 
AND SECONDARY WIRES 



Figure 2- 4, -A sketch of two transformers 
connected open delta. 

Switches and Outlets 

Normally switches are located near en- 
trances and exits. Your main concern will be 
whether they are to be a one-way (S), three- 
(S3), or four -way (S4) switch. Convenient 
outlets, however, require a little more fore- 
sight and planning to properly place them. 
Observe some of the buildings now being used 
as offices, note the extension cords required 
for the desk lights, electrical typewriters, and 



other electrical equipment. Good planning would 
eliminate 90 to 100 percent of the extension 
cords. If you are required to install electrical 
outlets in a building, give careful consideration 
to locating a few extra outlets for future ex- 
pansion or rearrangement of the furniture. 



Electrical Apparatus and Equipment 

With technological advancements, larger and 
better equipment frequently requiring more 
power are constantly replacing older and out- 
dated electrical equipment. Sometimes this 
requires more than adding an extension or an- 
other convenience outlet. It may however, involve 
an increase in voltage and amperage. 



Increasing the Power Load 

Modifying or making additions to existing 
facilities may increase the load to a greater 
value than the safe carrying capacity of present 
wiring or apparatus. Usually this will be indi- 
cated by frequent blowing of fuses and abnor- 
mally hot wiring or equipment. When an overload 
appears to exist, the actual current should be 
measured with an ammeter. Wattage of all 
lamps, devices, and other equipment connected 
to the overloaded circuit should also be checked. 
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An apparently overloaded circuit may sometimes 
be only a partially grounded circuit. If an over- 
load is discovered, part of the load should be 
transferred to another circuit or the wiring 
should be replaced to provide adequate current 
capacity. 

There may be instances when several build- 
ings in a specific area require such an increase 
in load demand that the distribution transformer 
serving that area becomes inadequate; thereby 
requiring it to be replaced with a larger one. 

TECHNICAL REQUIREMENTS 

There are certain basic technical knowledges 
of design that you should be familiar with be- 
fore you can sketch and design wiring plans to 
meet specified Navy requirements. 

Most of the technical guidance for design and 
planning of waterfront facilities, building wiring 
(interior wiring), street lighting (exterior light- 
ing), and other types of electrical guidance is 
the responsibility of BuDocks. Some of these 
design criteria will be discussed in this chapter. 

WATERFRONT FACILITIES 

The design of power systems for waterfront 
facilities is based on standard criteria and 
practices similar to those for other locations. 
Modifications may be necessary, however, to en- 
able them to withstand the moist, usually salt- 
laden air, or to make them suitable in locations 
that are alternately wet and dry. Corrosion 
prevention and safe wiring practices are also 
important considerations. 

Duct Lines 

When you are required to use conduit for 
protecting wire around waterfront facilities, 
you should use fiber or asbestos cement duct. 
Rigid- steel conduit should be used ONLY to 
meet particular design problems. When neces- 
sary to install conduits where they will be ex- 
posed to wave action, as underneath piers or 
similar structures, asbestos -cement conduit, 
supported with steel hangers at not more than 
5 foot intervals, is recommended. 

Pier Outlets 

Pier outlets for ship- service or portable 
equipment should be the protected type and 



should supply 440 volt, 3 -phase power. The 
outlet is basically a 3 -pole, 3 -wire receptacle, 
with circuit -breaker protection, housed in a 
watertight enclosure of heavy welded - steel plate. 

The nominal rating of the outlet is 200 or 400 
amperes. For capacities between 400 and 1600 
amperes, 400-ampere outlets should be provided 
in a number sufficient to total the required 
number of amperes. When a single outlet is de- 
signed for capacities of more than 1 600 amperes, 
it should have bus bars and provisions for bolt- 
ing on cable connections, and should be housed 
in a suitable enclosure. 

The design of the installation should assure 
coordination between the interrupting ratings of 
the circuit breakers in the feeders and the cir- 
cuit breakers at the outlets. A single outlet for 
more than 1600 amperes should have a circuit 
breaker at the outlet, if practicable, or in the 
feeder at the point of distribution. 

Grounding 

At waterfront facilities, a ground system that 
shall measure not more than 10 ohms should be 
provided for all permanent electrical equipment. 
The ground system should be in accordance with 
the acceptable Navy electrical code. The water- 
piping system on a structure is recommended as 
a ground for electrical equipment enclosures 
on the structure. Stranded- copper -wire ground 
conductors should be used to interconnect all 
electrical equipment enclosures and the water- 
pipe ground. The sizes of the ground conductors 
from enclosures, cable sheaths, steel conduits, 
transformer cases, or other devices are deter- 
mined by the American Wire Gauge (AWG) size 
of conductors enclosed, as shown in table 2-1. 



Table 2-1. -American Wire Gauge 
Conductor Sizes. 



Size (AWG) of largest 


Ground 


conductor or equiv- 


Conductor 


alent for multiple 


AWG No. 


conductors 




2 or smaller 


8 


1 or 0 


6 


00 or 000 


4 


Over 000 to 350,000 CM* 


2 


Over 350,000 CM to 600,000 CM 


0 


Over 600,000 CM to 1,100,000 CM 


00 


Over 1,100,000 CM 


000 



♦ Circular mils. 
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The ground conductor on the structure should 
be protected at all places where it maybe dam- 
aged. It is preferable to install the ground con- 
ductor in conduit or in the duct system in order 
to provide mechanical protection, but the ground 
conductor may be installed in the open if the in- 
stallation is such that the conductor is thoroughly 
protected. When lead- covered cables are in- 
stalled in ducts which may be partially immersed 
in water, or when water resulting from conden- 
sation or other causes remains in the ducts for 
long periods, the ground conductor in the duct 
line should be insulated with not less than 1/32 
of an inch of a polyvinyl chloride type of insula- 
tion. This insulation reduces the possibility of 
corrosion of the lead sheath. 

Structures that are not adjacent to a water- 
piping system should have a ground conductor 
system extended from the grounded devices to a 
driven ground rod system. The ground conductor 
in this case should be No. 6 AWG minimum and 
need be no larger except where a larger size 
will provide additional mechanical strength un- 
der certain conditions. Where it is not practical 
to properly maintain an onshore ground rod sys- 
tem adjacent to the pier, metal plates lowered 
to the bottom of the water should be used. The 
conductor connecting these plates to the No. 6 
AWG conductor on the structure should be at 
least No. 2 AWG stranded copper wire in order 
to provide sufficient mechanical strength. 

Cable and wire used in waterfront facilities 
should be a type suitable for installation in wet 
locations. Type RHL, heat- resistance rubber 
with lead covered cable, should be used for 
cables in sizes up to and including No. 2 AWG, 
and type VCL, varnish cambric lead covered 
cable, for sizes larger than No. 2 AWG. Wiped 
joints should be employed in making splices. 
At terminations an approved type of compound- 
filled terminal device should be used. 

EXTERIOR LIGHTING 

When exterior lighting is required for streets, 
roadways and piers at naval activities, careful 
consideration should be given to the type and 
design of the system and to the mounting lumin- 
aires so as to obtain a uniform level of illumina- 
tion of sufficient intensity without glare. 

The tendency, in the case of street lighting 
at naval activities, is toward higher levels of 
illumination and the use of the pendant type of 
luminaire in place of the post type with general 
diffusing fixtures. 



Modern practice is to install the luminaires 
over the street for better distribution of light. 
If you are assigned the project of planning and 
lighting at any naval activity, you should exercise 
care in specifying the mounting of luminaires 
so that interference with moving cranes and large 
pieces of equipment will be avoided. This is 
particularly applicable to areas near water- 
fronts, railroad tracks, and piers used for gen- 
eral repair and fitting- out and supply. 

Street Lighting Intensities 

Lighting intensities should conform to those 
given in table 2-2 for pedestrian and vehicular 
traffic. In general, waterfront streets, main 
streets with railroad tracks in the industrial 
sections of large yards and general repair facili- 
ties, and fitting -out and supply piers should be 
classified for medium pedestrian and medium 
vehicular traffic. For cross streets in the in- 
dustrial sections of large yards, residential 
streets, main streets in secondary naval activi- 
ties, hospitals, and the like, the classifications 
should be light pedestrian and light vehicular 
traffic. Foot- candle intensity calculations are 
generally made by the average flux method or the 
point -by -point method. In employing the hori- 
zontal and vertical candlepower distribution, 
curves are used. These curves together with 
applicable data are available from manufac- 
turers of street lighting equipment. 

Table 2 -2, -Street- Lighting Intensities. 



Horizontal foot- candles 



Pedestrian 
traffic 


Vehicular traffic classification 
with number of vehicles per 
hour in both directions 


Very 
light 
(under 
150) 


Light 
(150- 
500) 


Medium 
(500- 
1200) 


Heavy 
to 

heaviest 
(1200 up) 


Heavy 


0.6 


0.8 


1.0 


1.2 


Medium 


0.4 


0.6 


0.8 


1.0 


Light 


0.2 


0.4 


0.6 


0.8 



Luminaires 

A luminaire is the complete assembly of 
the light unit, including the series bayonet 
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receptacle, the series socket with film disk, the 
reflector or refractor, the lamp, and enclosing 
glassware if any. 

The choice of the luminaire is governed by 
the mounting height, spacing, and transverse 
location of the fixture. Good practice requires 
that most of the light from a luminaire be di- 
rected toward the street, and be distributed to 
assure good utilization. Some light, however, 
should be directed back to the curb line to pro- 
vide illumination on the sidewalk and adjacent 
areas or along the edges of piers. Incandescent 
and high- intensity mercury- vapor lamps are the 
most commonly used light sources. Sodium vapor 
is seldom employed because of its color, except 
for identifying a caution point at a street or road 
intersection. 

Mounting Heights 

In determining mounting heights for lumin- 
aires, the light should be kept as high as practic- 
able to give greater and more uniform distri- 
bution of light. Overhead street lights, or lights 
located at street intersections, should be mount- 
ed between 22 to 25 feet high. For ornamental 
installations, where spacing is usually closer, 
this height may be reduced to 18 feet if over- 
hanging luminaires do not conflict with street 
clearance requirements. 

Control 

Most street- lighting systems are automat- 
ically controlled by a time clock or photocell 
device. Systems with a single primary feed 
common to all transformers should be controlled 
by an automatic switch in the primary with the 
control switch in an attended station. When two 
or more transformers with separate primary 
feeds occur in the system, the control may be by 
relays operating on the cascade system or by 
carrier current. 



INTERIOR WIRING 

The first step in planning the circuit for any 
wiring installation is to determine the connected 
load per outlet. The load per outlet can be ob- 
tained in several different ways: 

1. The most accurate method of determining 
load per outlet is made by obtaining the stated 
value from the blueprints or specifications. If 



the specifications Are not available, the blue- 
prints in many cases designate the type of equip- 
ment to be connected to specific outlets. Though 
the equipment ultimately used in the outlet may 
come from a different manufacturer, equipment 
standards provide the electrician with assurance 
that the outlets will use approximately the same 
wattage. If the equipment is available, the name- 
plate will list the wattage used or amperes 
drained. If not, data similar to that given in 
tables 2-3 and 2-4 should be obtained. Table 
2-3 gives the average wattage consumption of 
electrical appliances, and table 2-4 lists the 
current requirements for small motors of var- 
ious horsepower ratings. 

2. To provide adequate wiring for systems 
where the blueprints or specifications do not 
list any special or appliance loads, the following 
general rules will apply: 

a. For heavy duty outlets or mogul size 
lampholders, the load per outlet should 
be figured at 5 amperes each. 

b. For all other outlets, both ceiling and 
wall, the wattage drain (load per outlet) 
should be computed at 1.5 amperes per 
outlet. 

3. The total outlet load for general illumin- 
ation may also be determined on a watts-per- 
square-foot basis. In this load -determination 
method, the floor area of the building to be 
wired is computed from the outside dimensions 
of the building. This square footage area is then 
multiplied by the standard watts-per-square- 
foot requirement based on the type of building 
to be wired. Table 2-5 lists these constants 
along with a feeder -demand factor for various 
types of building occupancies. 



Maximum Load Demand Per Building 

In some building installations the total pos- 
sible power load may be utilized at the same 
time during daily operation. In this case, the 
generating capacity of the power supply, which 
must be kept available for these buildings, is 
equal to the connected load. In the majority of 
building installations where personnel will work, 
the maximum load which the system is required 
to service is much less than the possible total 
connected load. This power load which is set at 
some arbitrary figure below the possible total 
connected load is called the "maximum demand" 
of the building. 
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Table 2-3. -Wattage Consumption of 
Electrical Appliances, 



Appliance 


Average 
wattage 


Blanket 


150 


Clock 


3 




550 




600 




100 


Eec boiler 


250 




30 


Fan, 10- inch 


35 




50 




600 




450 




600 




1000 


Heating pad 


50 


Hotplate 


660 




500 


Immersion heater 


300 




1000 


Ironer 


1320 




200 


Phonograph 


40 




8000 


Refrigerator 


250 


Radio 


100 




1320 




75 




200 




450 




300 




450 




160 




175 




2000 




660 



Table 2-4. -Motor Currents* 
Full -load amperes 



Horsepower 


120 V. 


240 V. 


208 V. 


416 V. 




1 phase 


1 phase 


3 phase 


3 phase 


1/6 


3.1 


1.6 


• • • 


• • • 


1/4 


4.4 


2.2 






1/2 


7.1 


3.6 


i'.i 


i.i 


3/4 


9.8 


4.9 


3.0 


1.5 




12.5 


6.3 


3,7 


1.9 


1-1/2 .... 


17.7 


8.9 


5.3 


2.7 




23.1 


11,6 


7.0 


3.5 




32.6 


16.3 


9.6 


4.8 




54.0 


27.0 


16.0 


8,0 



Demand Factor 

The ratio of * 'maximum demand'' to possible 
total connected load in a building expressed as 
a percentage is termed ''demand factor." The 
determination of maximumbuilding loads (maxi- 
mum demand) can be obtained by the use of 
standard demand factors as shown in table 2-5. 
For example, if the possible total connected load 
in a warehouse is 22, 500 watts, using the demand 
factors listed in table 2-5 for warehouses, the 
maximum building load can be obtained as 
follows: 

100 percent of the first 12,500 watts equal 
12,500, 50 percent of the remaining 10,000 watts 
equals 500; therefore, the total maximumbuild- 
ing load can be safely assumed to be 12,500 
plus 5000 watts or 17,500 watts. This does not 
mean that the building load cannot exceed 17,500 
watts; it can go as high as 22,500 watts. It 
only means that for this type building (ware- 
house) the maximum load which the wiring 
system is required to service is 17,500 watts. 



Type of Distribution 

The electrical power load in any building 
cannot be properly circuited until the type and 
voltage of the central power- distribution system 
is known. The voltage and the number of wires 
from the powerlines to the buildings are normally 
shown or specified on the blueprints. However, 
the Construction Electrician should check the 
voltage and type of distribution at the power- 
service entrance to every building in which 
wiring is to be done. This is especially neces- 
sary when the CE is altering or adding circuits. 
The voltage checks are usually made with an 
indicating voltmeter at the service -entrance 
switches or at the distribution load centers. The 
type of distribution is determined by visual check 
of the number of wires entering the building. 

If only two wires enter the building, the 
service is either direct current or single -phase 
alternating current. The voltage is determined by 
an indicating voltmeter. At advance bases, two 
wires entering a building usually indicate single 
phase a-c. 

When three wires enter abuilding the service 
is usually single-phase, or three-phase alter- 
nating current. 
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Table 2- 5. -Standard Loads for Branch Circuits and Feeders 
and Demand Factor for Feeders. 



Occupancy 


bianaard 
load, watts 
per square 
foot 


Feeder demand factori percent 


AriTiories dna auaiLoriuiTis • • • • 


1 


1 nn% 




o 






1 
J 






1 


IUUtc 




L 


lUUTb 




O 
J 


luu'^j lor iirsi j,lk;u wattSy ooib *or next 117,t)U0| 2b,() for 
excess above 120,000. 




0.5 


100% 




2 


40% for first 50,000 watts 20% for excess over 50,000. 




2 


100% for first 20,000 watts, 70% for excess over 20,000. 




2 


100% 




2 


100% for first 15,000 watts, 50% for excess over 15,000. 




3 


100% 




0.25 


100% for first 12, 500 watts, 50% for excess over 12, 500. 




1 


100% 



Grounding 

A ground system is provided by installing 
a No. 8 wire protected in armor or conduit or 
a No. 6-gage bare vrire connecting the nautral 
wire either to a water pipe or a driven pipe or 
rod used as a ground electrode. The wire is 
attached to the water pipe or conduit by a special 
clamp or bushing ground- connector clamp after 
the pipe or conduit has been filed or sandpapered 
clean to make a good electrical contact. 

The National Electrical Code requires that 
on systems supplying interior wiring circuits, 
one wire of the circuit shall be grounded, 
provided that the voltage from any other con- 
ductor to ground will not exceed 150 volts on 
alternating currents systems. 

Circuits operating at less than 50 volts need 
not be grounded, provided the transformer 
supplying the circuit is connected to a grounded 
system. 



Wire Sizes 

Wire sizes No. 14 and larger are classified 
in accordance with their maximum allowable 



current- carrying capacity based on their phys- 
ical behavior when subjected to stress and 
temperatures of operating conditions. A14-gage 
wire is the smallest wire size permitted for use 
in interior wiring systems. 

The determination of wire size to be used 
in circuits is dependent on the voltage drop 
coincident with each size. The size of the con- 
ductor used as a feeder to each circuit is also 
based on voltage drop, and should be selected 
so that the voltage drop from the branch circuit 
supply to the outlets will not be more than 3 
percent for power loads and 1 percent for 
lighting loads. Table 2-6, which is based on 
an allowable 3 percent voltage drop, lists the 
wire sizes required for various distances 
between supply and load, at the different 
amperages. 

Table 2-6 also lists the service-wire re- 
quirements and capacities. The minimum gage 
for service -wire installation is No. 8 wire, 
except for installations consisting of a single 
branch circuit in which case they shall not be 
smaller than No. 12. Though this may seem to 
contradict the minimum wire size listed, the 
service-wire sizes are increased because they 
must not only meet the voltage -drop requirement 
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Table 2-6.- Voltage Drop Tables. 



Wire size ior 120-voit single phase circuit 



Load 
(amps.) 


Minimum 
wire 
size 
(AWG) 


Service 
wire 
size 

(AWG) 


Wire size (AWG) 


Distance one way from supply to load (ft.) 


50 


75 


100 


125 


150 


175 


200 


250 


300 


350 


400 


450 


500 


15 


14 


10 


14 


12 


10 


8 


8 


6 


6 


6 


4 


4 


4 


2 


2 


20 


14 


10 


12 


10 


8 


8 


6 


6 


6 


4 


4 


2 


2 


2 


2 


25 


12 


8 


10 


8 


8 


6 


6 


4 


4 


4 


2 


2 


2 


1 


1 


30 


12 


8 


10 


8 


6 


6 


4 


4 


4 


2 


2 


1 


1 


0 


0 


35 


12 


6 


8 


6 


6 


4 


4 


4 


2 


2 


1 


1 


0 


0 


2/0 


w 


in 


O 


8 


6 


6 


4 


4 


2 


2 


2 


1 


0 


0 


2/0 


2/0 


45 


10 


6 


8 


6 


4 


4 


2 


2 


2 


1 


0 


0 


2/0 


2/0 


3/0 


50 


10 


8 


8 


6 


4 


4 


2 


2 


2 


1 


0 


2/0 


2/0 


3/0 


3/0 


55 


8 




6 




4 


2 


2 


2 


1 


0 


2/0 


2/0 


3/0 


3/0 


4/0 


60 


8 




6 




4 


2 


2 


1 


1 


0 


2/0 


3/0 


3/0 


4/0 


4/0 


65 


8 




6 




4 


2 


2 


1 


0 


2/0 


2/0 


3/0 


4/0 


4/0 




70 


8 




6 




2 


2 


1 


1 


0 


2/0 


2/0 


3/0 


4/0 


4/0 




75 


6 




6 




2 




1 


0 


0 


2/0 


3/0 


4/0 


4/0 






80 


6 




6 




2 




1 


0 


0 


2/0 


3/0 


4/0 


4/0 






85 


6 




4 




2 




I 


0 


2/0 


3/0 


3/0 


4/0 








90 


6 


2 


4 




2 




0 


0 


2/0 


3/0 


4/0 


4/0 








95 


6 


2 


4 


2 


2 




0 


2/0 


2/0 


3/0 


4/0 










100 


4 


2 


4 


2 


2 




0 


2/0 

1 


2/0 


3/0 


4/0 











Wire size for 220- volt three-phase circuits 



Minimum 
wire 
size 



Service 
wire 
size 



Wire size (AWG) 



Distance one way from supply to load (ft.) 





(AWG) 


(AWG) 


100 


150 


200 


250 


300 


350 


400 


500 


600 


700 


800 


900 


1,000 


15 


14 


12 


14 


12 


10 


8 


8 


8 


6 


6 


6 


4 


4 


4 


2 


20 


14 


10 


12 


10 


8 


8 


6 


6 


6 


4 


4 


4 


2 


2 


2 


25 


12 


8 


10 


8 


8 


6 


6 


6 


4 


4 


2 


2 


2 


2 


1 


30 


12 


8 


10 


8 


6 


6 


6 


4 


4 


2 


2 


2 


1 


1 


0 


35 


12 


8 


10 


8 


6 


6 


4 


4 


4 


2 


2 


1 


1 


0 


0 


40 


10 


6 


8 


6 


6 


4 


4 


4 


2 


1 


1 


1 


0 


0 


2/0 


45 


10 


6 


8 


6 


6 


4 


4 


2 


2 


2 


1 


0 


0 


2/0 


2/0 


50 


10 


6 


8 


6 


4 


4 


2 


2 


2 


1 


0 


0 


2/0 


2/0 


3/0 


55 


8 


6 


8 


6 


4 


4 


2 


2 


2 


1 


0 


2/0 


2/0 


3/0 


3/0 


60 


8 


6 


6 


6 


4 


2 


2 


2 


1 


0 


0 


2/0 


3/0 


3/0 


4/0 


65 


8 


4 


6 




4 


2 


2 


2 


1 


0 


2/0 


2/0 


3/0 


3/0 


4/0 


70 


8 


4 


6 




4 


2 


2 


1 


1 


0 


2/0 


3/0 


3/0 


4/0 


4/0 


75 


6 


4 


6 




2 


2 


2 


1 


0 


2/0 


2/0 


3/0 


4/0 


4/0 




80 


6 


4 


6 




2 


2 


1 


1 


0 


2/0 


3/0 


3/0 


4/0 


4/0 




85 


6 


4 


6 




2 


2 


1 


0 


0 


2/0 


3/0 


4/0 


4/0 






90 


6 


4 


6 




2 


2 


1 


0 


0 


2/0 


3/0 


4/0 


4/0 






95 


6 


4 


6 




2 


1 


1 


0 


2/0 


3/0 


3/0 


4/0 








100 


4 


2 


4 


2 


2 


1 


0 


0 


2/0 


3/0 


4/0 


4/0 








125 


4 


2 


4 


2 


1 


0 


2/0 


2/0 


3/0 


4/0 












150 


2 


2 


2 


2 


0 


2/0 


2/0 


3/0 


4/0 














175 


2 


1 


2 


1 


0 


2/0 


3/0 


4/0 


4/0 














200 


I 


0 


1 


0 


2/0 


3/0 


4/0 


4/0 
















225 


0 


0 


0 


0 


2/0 


3/0 


4/0 


















250 


2/0 


2/0 


2/0 


2/0 


3/0 


4/0 




















275 


3/0 


3/0 


3/0 


3/0 


3/0 


4/0 




















300 


3/0 


3/0 


3/0 


3/0 


4/0 






















325 


4>0 


4/0 


4/0 


4/0 




















i 





Table is based upon approximately 3% voltage drop. 
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but also be inherently strong enough to support 
their own weight, plus any additional loading 
caused by climatic and other conditions, such 
as ice, branches, and so on. 



WIRING FOR HAZARDOUS LOCATIONS 

Hazardous locations requiring special wiring 
considerations are divided into three classes 
by the National Electric Code. 

Class I. For locations in which highly flam- 
mable gases and liquids are manufactured, used 
or handled, such as hydrogen, gasoline, alcohol, 
and so on, all wiring must be in rigid metal 
conduit with explosion -proof fittings. All equip- 
ment such as circuit breakers, fuses, motors, 
generators, controllers, and so on, must be 
totally enclosed in explosion- proof housings. 

Class II, In locations where combustible 
DUST is likely to accumulate in the air in 
sufficient quantities to produce explosive mix- 
tures, all equipment must be in dustproof 
cabinets with motors and generators totally 
enclosed or in totally enclosed fan- cooled 
housings. 

Class III. Locations in which easily ignitible 
FIBERS or MATERIALS producing combustible 
flyings (particles suspended in the atmosphere) 
are handled or used, such as a woodworking 
shop or plant, require wiring of the same type 
as in Class II. If the atmosphere is such that 
combustible flyings will collect on motors or 
generators they must be enclosed as in Class II. 



INSTALLATION IN HAZARDOUS LOCATIONS 

The Code further specifies standards for 
particular types of installations. For example, 
some of these special requirements for hospital 
operating room installation are as follows: 

All equipment installed in the operating room 
must be explosion proof and provided with a 
suitable equipment ground. 

In locations used for anaesthetics, an under- 
ground electrical distribution system is required 
to reduce the hazards of electric shocks and 
arcs in the event of insulation failure. Alter- 
nating-current circuits shall be insulated from 
the conventionally grounded alternating supply 
by means of one or more transformers which 
isolate the circuits electrically from the main 
feeder line. Direct- current circuits shall be 
insulated from their grounded feeders by means 



of a motor generator set or suitable battery 
system. 

All services equipment including switch and 
panel boards must be installed in nonhazardous 
locations. 

Ceiling suspended lighting fixtures shall be 
suitably protected against mechanical injury. 

Explosion -proof switches, receptacles, mo- 
tors or similar conduit installations must be 
isolated from the rest of the conduit runs by 
sealed fittings. This type fitting has a removable 
plug which permits the insertion of a sealing 
compound, sealing off the points of possible 
explosion from the remaining conduit areas. 

Nonmetallic tools such as rubber- head ham- 
mers and spark free drills must always be used 
when making electrical repairs or installations 
in the area. 



PLANNING WORK FROM BLUEPRINTS 

Whenever you are assigned a major project, 
you will normally be given a set of blueprints 
which will contain the plot or site plan, floor 
plans, electrical plans, and so on. 

Your main concern will be the plot or site 
plan and all the prints dealing with the electrical 
phase of the project. You should also, however, 
study the complete set of plans so that you can 
coordinate your job with the jobs of the chiefs 
of the other ratings. 



PLOT PLAN 

The primary purpose of the plot or site plan 
is to show the exact location of the proposed 
project and the existing buildings, utilities, 
roads, contours, and other physical features 
in the vicinity (fig. 2-5). The plot plan shows you 
the existing gas line, sewer line, and the over- 
head power line. If you look at the plan closely 
you will also note that the power will be tapped 
from the overhead power source along the street 
in front of the building. 



ESTIMATING FROM BLUEPRINTS 

To estimate the amount of wire and electrical 
equipment you will need in any particular room 
or building, you will need an electrical sketch 
or plan similar to the one shown in figure 2-6. 
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Figure 2-6. -Electrical plan. h.4 
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Determining the amount of wire and electrical 
equipment required for a project is a time 
consuming and important part of your job, 
particularly when the bill of material is not 
given. 

The best way to estimate the amount of wire 
and electrical equipment required is to start 
with the first circuit and trace it from the 
service panel or fuse box to the first outlet or 
switch, then on to the next, and follow that circuit 
through to the end. As soon as you complete 
tracing one circuit, go back and count the number 
of required receptacles, switches, outlets, junc- 
tion boxes, and so on, and list them systemati- 
cally on a separate sheet of paper. Then pick 
up circuit No. 2 and trace it through to the end, 
and again go back and count the electrical equip- 
ment required. You will continue this for all 
circuits. In estimating the amount of wire re- 
quired, you must add 1 foot of wire at each 
connection; this means that every run of wire 
will require 2 extra feet of wire, 1 extra foot 
at each end. Also, to be sure that you do not 
miss any circuit or branches, it is advisable to 
use a colored pencil to trace over each branch 
circuit as you cover it. 

To get some actual practice in electrical 
estimating, refer to figure 2-6 and trace the 
No. 1 lighting circuit. The No. 1 lighting circuit 
located in rooms 9 and 10, and the wires for this 
circuit are placed in the conduit which is located 
along the ceiling. 

The electrical plan shown in figure 2-6 is 
scaled to 1/8 inch equals a foot. 

Beginning with the No. I circuit, (actually 
circuits Np. 1, 2 and part of circuit No. 3.) use 
a scale or rule and measure directly from each 
point listed below: 

1. From homerun symbol (arrow pointing 
back to the service entrance switch) at ceiling 
outlet northwest of room 9 to service panel 
(room 8) is 1-7/8" or 15' plus 2' plus 3' (The 3' 
IS the amount required to be run from the ceiling 
to the service panel, which is normally located 
at eye level or 5 feet from the floor, which 
would be 3 feet from the ceiling.) 

NOTE: The plan indicates that there are 
five wires in this conduit. 

The amount of wire required is: 

2 white wires (neutrals). 30* + 4* + 6' = 40' 

1 black wire 15» + 2» -k 3' = 20' 

1 red wire 15' + 2' + 3' = 20' 

1 blue wire 15' 2' + 3' = 20' 



2. From northwest ceiling outlet room 9, to 
switch in same room is 1/2" or 4'. 

NOTE: The plan indicates there are three 
wires. 

The amount of wire required is: 

3 black wire . ... 12' + 6' 4 12' (ceiling to 

switch 4') = 30' 

3. From northwest ceiling outlet in room 9 
to southwest ceiling outlet in same room is 7/8" 
or 7'. 

NOTE: The plan indicates there are three 
wires. 

The amount of wire required is: 

1 white (neutral) . . 7' + 2' = 9' 

2 black wires .... 14' + 4' = 18' 

4. From southwest ceiling outlet of room 9 
to northwest ceiling outlet of room 10 is 15/16" 
or 7 1/2'. 

NOTE: The plan indicates there are 2 wires. 

The amount of wire required is: 

1 white wire (neutral). 7-1/2'^ 2' = 9-1/2' 

1 black wire 7-1/2*+ 2' = 9-1/2' 

5. From northwest ceiling outlets, room 10 
to switch in same room is 9/16" or 4-1/2*. 

NOTE: The plan indicates there are three 
wires. 

The amount of wire required is: 

3 black wires . . 13-1/2' + 6' + 12' (4' ceiling 
to switch) = 31-1/2' 

6. From northwest ceiling outlet in room 10 
to southwest ceiling outlet in same room is 7/8" 
or 7 feet. 

NOTE: The plan indicates the re are two wires. 

The amount of wire required is: 
1 white wire ... 7' + 2' = 9' 
1 black wire ... 7' + 2' = 9' 

To total up the number of feet of the various 
color wire required, you may proceed thusly: 



Measure- 


white 


black 


red 


blue 


conduit 


ment 


wire 


wire 


wire 


wire 




number 












I 


40- 


20' 


20' 


20' 


18' 


2 


0 


30' 


0 


0 


8' 


3 


9' 


18' 


0 


0 


7' 


4 


9 1/2' 


9 1/2' 


0 


0 


7-1/2' 


5 


0 


31 1/2' 


0 


0 


8-1/2' 


6 


9' 


9' 


0 


0 


7 


TOTAL . . 


67-1/2' 


118' 


20' 


20' 


56' 
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In order to make allowances for going around 
some unaccounted obstruction, and also for 
inaccuracies in measurement due to shrinkage 
in blueprint paper v/hen making reproduction, 
you must add 10 percent. For example, you 
would actually need 129.8' of black wire; 118' x 
10%, would give you 11.8. Add this to 118' and 
you would get a total of 129. 8\ 

Besides the wire and conduit you must deter- 
mine the amount of wire nuts, switch boxes, 
switches, outlet boxes, conduit straps for holding 
conduits (usually 1 for every 5 feet of conduit), 
bushings and locknuts for conduits, and fi- 
nally lighting fixtures and wall plates for the 
switches. 



LAYING OUT THE JOB 

Now that you have determined the amount and 
type of material you will need on the project, 
you need to study the blueprints further to de- 
termine the type of construction so that you can 
schedule your work properly. 

The electrical plan shown in figure 2-6 is 
for a structure having a concrete deck, and brick 
on concrete block with 2-1/8 inch air space 
between the walls. In scheduling your work you 
must move your crew on to the job after the 
equipment operators dig the footings and level 
the foundation, and immediately after the steel- 
workers place the reinforcing rods. Your crew 
must then properly place all necessary conduit 
that is specified on the electrical plan. It will 
be necessary for you to cooperate with the chiefs 
of the other rates to avoid any unnecessary 
delays. 



INSTALLATION SCHEDULE (TIME) 

If you are to schedule your work with any 
degree of accuracy, you must be able to estimate 
how long it will take your men to complete each 
phase of the job. 

Because the amount of work performed by an 
individual depends on many factors including 
climate, type of work, equipment available, 
ability, experience, interest, and many others, 
productivity rates vary from time to time and 
place to place. The norms shown in table 2-7 
are averages and have been adapted to the 
field type construction associated with advanced 
base construction. 

Adequate supervision by the crew chief, and 
the importance of the ingenuity and resource- 
fulness of the crew members, should not be 
underestimated. This table is only to serve as 
a guide; after you get to know your crew you 
can probably determine the installation time 
more accurately. 

TESTING AND INSPECTING 

After the construction work is finished you 
still have two more responsibilities. One is 
testing the entire circuit; the other is getting 
the job inspected. Testing the circuit consists 
of checking for grounds, shorts, and opens, and 
also testing the resistance value of the in- 
sulation, splices, insulators, and so forth. 

Inspection consists in getting your work 
approved by the officer -in- charge of the pro- 
ject. He will check the splices, connections, 
workmanship, and very likely will insist that 
the insulation tests be conducted in his presence. 
He will require that you accompany him on his 
tour of inspection. So be prepared to answer 
any questions he may ask. 



26 



Chapter 2-ELECTRICAL SKETCfflNG AND PLANNING 



Table 2-7. — Construction Norms for Electrical Work, 



Complete installation for outlet 


Complete Unit Per Man-Day 


(Roughing for box, conduit, wir- 
ing and connections) 


Minimum 
Acceptable 


Average 


Outstanding 
Performance 


With Armored Cable or 1/2" flex- 
ible conduit. 


4 


8 


12 


With Rigid Conduit, all sizes 


3 


5 


7 


Installing Outlet Boxes 


Units Per Man-Day 


Ceiling and wall outlet 
boxes 

Service switches & base 
plugs 

Meter, fuse box, switch 
box, etc. 


20 
25 
4 


25 
35 
6 


30 
55 
8 


Installing Rigid Conduit & Connect 


Linear Feet Per Man-Day 


1/2" and 3/4" 
1" and 1-1/4" 
1-1/2" and 2" 


50 
45 
30 


70 
55 
40 


80 
65 
50 


Installing 1/2" Flexible Conduit 


100 


150 


200 


Pulling and Installing Wire in Conduit 


#8 to #14 gage 
#1 to #6 gage 


400 
150 


500 
250 


600 
350 


Installing Armored Cable 


100 


150 


200 


Installing and Wiring Fixture 


Units Per Man- Day 


Ceiling or Wall Light 
Switch, Base or Fuse Plug 


9 

20 


14 

25 


20 
30 



CREW PATTERN: - Two Electricians for each crew. 



PRODUCTIVITY: For a building with 1000 linear feet of 1/2' and 3/4" rigid 
conduit; 76 outlets; 21 light fixtures; 25 switches; a meter, fuse, and 
switchbox; it will take 24 man-days to completely install the electrical 
work, computed as follows: 



INSTALLATION OF: 

76 outlets at 4 per man-day 19.0 Man-Day 
Meter, fuse and switchbox at 6 per man-day . 5 

21 light fixtures at 14 per man-day 1.5 
25 switches at 25 per man-day 1.0 
Miscellaneous and Test 2.0 



24.0 Man-Days 



NOTE: 

The pre fabrication of the rigid conduit will increase productivity. 
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CHAPTER 3 

CONTROLLERS AND PROTECTIVE DEVICES 



Protective devices and controllers are stand- 
ard equipment for all electrical systems. Op- 
erating, servicing, or troubleshooting control- 
lers and protective devices range from simple 
tasks such as changing a fuse to complex jobs 
such as determining whether an automatic volt- 
age regulator is operating properly. These and 
many other jobs are necessary if proper elec- 
trical service is to be maintained within an 
electrical system. 



PROTECTIVE DEVICES 

The function of any protective device is to 
protect life and equipment. Generally speaking, 
protective equipment Is designed to interrupt 
the flow of electricity in a circuit when operating 
conditions become dangerous. Fuses and circuit 
breakers are the main types of electrical pro- 
tective devices. 



FUSES 

As you know, the simplest overload protec- 
tive device Is a fuse. The principle of fuse 
operation and a few common types of fuses are 
described in Basic Electricit y, NavPers 
10086-A, and In Construction Electrician 3 & 2, 
NavPers 10636-D. In this chapter, we shall 
discuss other types of fuses. 



High-Voltage Fuses 

High -voltage fuses are used at substations 
to provide back-up protection for the low- 
voltage feeder breaker and to prevent a trans- 
mission line outage on faults occurring within 
the substation ahead of the low -voltage breaker 
or feeder fuses. 

For substations up to the 69-kv class having 
transformer capacity limited to 5,000 kva or 
less, fuses combined with gang-operated air- 
break switches are safe and reliable and may be 
used for transformer protection. The cost of 



Installing and maintaining fuses and alrbreak 
switches Is less than comparable costs for oil 
circuit breakers. The added maintenance cost of 
replacing fuses Is more than recovered In re- 
duction of costs chargeable to inspection and 
maintenance of oil circuit breakers, relays, and 
battery control circuits. One disadvantage of 
fuses Is that they may single phase. This may 
cause partial or total interruption of service. 
There Is no possibility of single phasing with an 
oil circuit breaker. 

When re-fusing gang-operated alrbreak 
switches, greater safety is ensured with the 
Installation of a gang-operated grounding device 
that grounds both sides of the fuse. If such a 
device is not warranted, ordinary ground sticks 
should be accessible for use at all times. A 
fusing platform may be used to enable the 
operator to replace fuses that are mounted too 
high in the structure or too close to high -voltage 
equipment for safe fuse -stick operation from 
the ground. 

Expulsion Type Fuse 

The expulsion fuse shown In figure 3-1 is an 
open cutout or disconnect fuse. It has a universal 
tension type fuse link. When the fuse link melts, 
current Is made to flow through the thin stranded 
wire. The current instantly melts the wire and 
removes tension on the spring thereby causing 
the fuse terminal to separate. 

Repeating Cutout Fuse 

The repeating cutout fuse shown in figure 
3-2, has three fuse tubes mounted so that when 
the first fuse "blows,'' it trips the second fuse 
into the circuit. If the fault continues the second 
fuse trips In the third. This arrangement allows 
clearance of temporary faults and promptly 
restores service by the automatic circuit re- 
closing action of the second and third fuse if 
necessary. This type of fuse assembly Is almost 
exclusively applied in outdoor distribution 
circuits. 
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Figure 3-1.— Outdoor open type cutout 

fuse (expulsion) 7,500 volts, 
100 amperes. 

Other Fuses 

Other types of fuses are the BORIC ACID 
FUSES, UQUID FUSES, and DRY TYPE CUR- 
RENT-LIMITING FUSES. In the boric acid 
fuse, a malfunction in the circuit produces 
steam which interrupts the flow of current. 
This type of fuse can be mounted with small 
clearances; there is no visual Indication that 
the boric acid fuse has blown. 

One common form of liquid fuse is the oil- 
filled cutout, in which the fusible element is 
submerged in oil and is generally mounted on a 
circulating or rotating frame so that by moving 
an external handle the circuit can be interrupted. 
This type of fuse is generally used in under- 
ground systems. 

There are two kinds of dry type current- 
limiting fuses: the single and the double element 
type. These fuses operate on the principle of 
melting the fuse far in advance of the possible 
peak current of the first half-cycle. The fuse is 
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Figure 3-2.— Automatic reset repeating 
cutout, 15,000 volts, 100 
amperes. 



designed in such a manner that the melting proc- 
ess introduces a high arc resistance, which, in 
turn holds the circuit current within the rating 
of the fuse. 



FUSE MAINTENANCE 

Fuse maintenance consists of inspecting 
mountings and supports, and checking for broken 
insulators and mechanical defects. Replace with- 
out delay broken or cracked Insulators and 
repair or replace, as necessary, parts that are 
defective. Routine inspections should always 
include: 

1. Checking fuses for correct rating and 
ensuring that fuse tubes are capped securely to 
exclude dust and water. 

2. Replacing warped, broken, scorched, or 
burned tubes. 

3. Keeping fuses with dropout and repeating 
features in good condition and free from foreign 
matter. Check them for proper operation by 
trial on routine fuse changes, or when the trans- 
former bank is deenergized for other purposes. 
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CIRCUIT BREAKERS (GENERAL) 

Circuit breakers are generally used at sub- 
stations and at junction points of important 
circuit or lines to switch transformers in or 
out of circuits and to sectionalize lines. 

Circuit breakers, like fuses, automatically 
open the circuit whenever the current exceeds a 
predetermined value, either because of a fault 
or overload in the circuit. After being tripped 
open, the circuit may be closed manually or may 
be automatically reclosed after a short delay. 

There are two general types of circuit break- 
ers, the air circuit breaker and the oil circuit 
breaker. 

AIR CIRCUIT BREAKERS 

Air circuit breakers are so called because 
the main contacts open in the air. Air circuit 
breakers are normally used on switchboards, 
switchgear groups, and distribution panels. They 
are seldom, if ever, used on distribution lines. 
When operated electrically, the operation is 
usually in conjunction with a pilot device such as 
a pressure switch. Electrically operated circuit 
breakers employ an electromagnet, used as a 
solenoid, to trip a release mechanism that 
causes the breaker contacts to open. The energy 
to open the breaker is derived from a coiled 
spring. The electromagnet is controlled by the 
contacts of the pilot device. 

Circuit breakers designed for high currents 
have a double -contact arrangement. The com- 
plete contact assembly consists of the main 
bridging contacts and the arcing contacts. All 
current carrying contacts are high-conductivity, 
arc-resisting silver or silver alloy inserts. 

Each contact assembly has a means of hold- 
ing the arcing to a minimum and extinguishing 
the arc as soon as possible. The arc control 
section is called an arc chute or arc runner. 
The contacts are arranged so that when the 
circuit is closed, the arcing contacts close 
first. Proper pressure is maintained by springs 
to ensure that the arc contacts close first and 
that the main contacts follow. 

When the circuit opens, the main contacts 
open first. The current then flows through the 
arc contacts; this prevents burning of the main 
contacts. When the arc contacts open, they pass 
under the front of the arc runner. This causes 
a magnetic field to be set up, which blows the 
arc up into the arc quencher and quickly opens 
the circuit. 



OIL CIRCUIT BREAKERS 

The typical oil circuit breaker consists of 
one or more metal tanks filled with insulating 
oil and metal caps attached to the top of the 
insulating bushings. Conductors or copper rods 
attached to stationary contacts located below 
the oil level in the tanks pass through the metal 
caps. The stationary contacts are bridged by 
movable contacts. The movable contacts are 
operated by an external or an internal source. 
When the breaker is closed, the movable con- 
tacts complete the circuit. When the circuit 
is open, they are displaced from the bridging 
position. 



Installation 

Circuit breakers are normally mounted and 
controlled in one of the following ways. 

1. Directly on a switchboard with manual 
closing and opening and with automatic elec- 
trical tripping. 

2. Remote from a switchboard with manual 
closing and opening and with automatic elec- 
trical tripping, 

3. Remote from a switchboard with elec- 
trical closing and opening and with automatic 
electrical tripping. 

Closing mechanisms are of the solenoid 
type, the centrifugal-motor type, or the pneu- 
matic type. 

Energy for opening and closing oil circuit 
breakers, operated manually or by automatic 
remote control, may be supplied from one or 
more of the sources shown by the control dia- 
grams in figures 3-3, 3-4, and 3-5. 



MAINTENANCE AND INSPECTION OF POWER 
CIRCUIT BREAKERS 

Procedures for inspecting and overhauling 
oil circuit breakers depend largely on the nature 
of service and the type of apparatus used. 
Make inspections at least twice a year and 
oftener if necessary. When a circuit breaker 
normally remains in an open or closed position 
over extended periods of time, operate it peri- 
odically for two or three opening and closing 
cycles to make sure that parts are in working 
order and properly lubricated. Such tests can 
usually be made at times when intermittent 
interruptions of power will not interfere with 



30 



Chapter 3-CONTROLLERS AND PROTECTIVE DEVICES 



D-C TRIPPING RUS 



C TRIPPING BUS 



O-C OPERATING BUS 

r 



4:52 

cs 



52; ? :i:52X 

b 



52y# 524: 
oa 



^52Y 



J 57% 
J THYRITE 
DISCHARGE 
UNIT 
(WHEN USED) 

y 



da 



52Y 



52 <> 
CC 



J 



D C OPERATING BUS 



D C TRIPPING BUS 

TYPICAL ELEMENTARY DIAGRAM OF 
D C SOLENOID MECHANISMS 




525^ 



(A) 



D-C TRIPPING BUS 



TYPICAL ELEMENTARY DIAGRAM FOR A-C 

RECTIFIER-SOLENOID MECHANISMS 



(B) 




TYPICAL ELEMENTARY DIAGRAM OF TYPE 
ME- 10 MOTOR MECHANISMS FOR FM 
OIL BLAST CIRCUIT BREAKERS 



(C) 



1 CONVENTION HAS OfVElOPCO AND NfMA HAS STAND- 
AIDIZED. NUAOftS K>« SWiTGHCEAf DEVICES. FOC 
CONVEHISNCE Of tCFERENCI AJXIIIAIIES AND AT- 
TACHMENTS ARE INOICAnD IT LETTERS APffNOfD TO 
THE DEVICE NUMiCRS THE FOUOWINC SYMtOlS, Of- 
VICE NUMICRS. AND LETTERS ARE USED IN fICUVCSM 

(ti AND rc ) 

7 Fd SIMPIICITY. TEIMINAI lOAtOS. AUXIHAffY SWITCHES 
NOT CONNfCTCO IN TNf CONTROL CIRCUITS. AND ALSO 
KNIFE SWITCHES USID IN THI CONTROi CIRCUITS OF 
MANY Of THt LARGE RffEAKtRS. ARE OMITTED FROM 
THE TYnCAl DIAGRAMS IN FIGURES d« AND 70- 



LEGEND 



= CONTACT OPEN WHEN DEVICE IS OPEN. OR 
IN DEENERGIZED OR NONOPERATEO POSI- 
TION. 

= CONTACT CLOSED WHEN DEVICE IS OPEN, 
OR IN DEENERGIZED OR NONOPERATED PO 
SITION. 

= CONTACTS WITH BLOWOUT COIL. 



= FUS€ 

= FIXED RESISTOR 
= TAPPED RESISTOR 

= GREEN INDICATING LAMP 
'RED INDICATING LAMP 
-coil OR WINDING 



50 = SHORT CIRCUIT SELECTIVE RELAY. USED WHEN THE RAAS 
AMPERES IN FIRST CURRENT LOOP (FIRST CYCLE) OF 
SHORT CIRCUIT. DURING CLOSING OPERATION OF CIR- 
CUIT BREAKER. AAAY EXCEED THE ^LAXIMUM INTERRUPT 
ING CURRENT OF THE BREAKER. 

52 = POWER CIRCUIT BREAKER (NOT SHOWN). 

52X = CLOSING RELAY OR DEVICE FOR 52 

52Y = CUTOFF RELAY OR ANTIPUMP DEVICE FOR 52. 

52CS = CONTROL SWITCH FOR 52. 

52CC = CLOSING COIL FOR 52. 

52TC = TRIP COIL FOR 52 

52ao = CUTOFF AUXILIARY SWITCH FOR 52, CLOSED AT END 
OF MECHANISM CLOSING OPCRATION. 

SAFETY SWITCH HOLDS OPEN THE CLOSING CIRCUIT WHEN 
A4AINTENANCE CLOSING DEVICE IS IN PLACE 
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Figure 3-3.— Typical connection diagrams of electrically operated oil circuit breakers. 
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TWPWNG iUS 



A-C CONTBOl BUS 



TYPICAL EllMlNTAtY 
DIAGIAM Of TYPE MA U 
AND AAA- 15 PfNUMATK 
MFCHANISMS FO« Fir.339 
AND FK 439 OIL-KLA&T 
CIICUIT tRf AKfMS 




TYPICAL CLiMfNTARY 
WAO«AM OF TYP£S MA ) 4. 
PNEUMATIC Af^CMANlSMS 
FOR PK-439 AND FOK 

oiL BiAST cNtcurr 

Mf AKCtS 



LEGEND 

23 -THERMOSTAT TO HfOUUkTE TEMPERATUtE OF MECHANIVA MOUSING. 

3200I -CUTOff AND EXCITING SWITCH. ClOSfS lEFOtf 52oo2 

52oo2-CUTOfF SWITCH FOR 52, CLOSED AT END Of MECHANISM ClOSWQ 
OPERATION. 

S2oc ■ NORMALLY OPEN AUXILIARY SWITCH, FINE ADJUSTMENT. 
52bd«NORAAALLY CLOSED AUXILIARY SWITCH. fINE AOXISTM^NT. 
52tC- EXCITING COR.. 

52V-ELECTRICAUY OPERATED AIR VALVf FOR CLOSING 52 

52V.C- OPERATING CO«L THAT OPENS 52V TO OOSC 52. 

52V.CO-COR. TO CLOSE 52V AT END Of 52 CLOSING STROKE 

52V.T-COR. TO CLOSE 52V AT END Of 52 CLOSING STROKE ON A TRIp.FR^E 
OPERATION. 

52VX-AUXIllARr VALVE C04L, OPCNS AIR VALVE OVER PISTON ON A TRIP- 
FREE OPERATK>R 

63A- AIR-PRESSURE SWITCH, CLOSES TO SOUND AN ALARM WHEN AIR PRES^ 
SURE DROPS TO PREDTTERAAJNED LOW VALUE. 

6K-AM PRESSURE SWITCH. OPENS TO PREVENT CLOSING WHEN AIR PtES- 
SURE IS LOWER THAN MINIMUM OPERATING PRESSURE 

A3G° AIR-PRESSURE SWITCH, CLOSES COMPRESSOR MOTOR CIRCUIT WHEN 
PRESSURE IN STORAGE TANK DROPS lELOW PREDETERMINED VALUE 
OPENS WHEN PRESSURE EXCEEDS PREDETERMINED RESET VALUE. 

63T-TtANSfER SWITCH. CLOSES WITH AIR PRESSURE UNDER THE PISTON. 

49 -PERMISSIVE CONTROL DEVICE. CLOSED EXCEPT WHEN BREAKER (52) IS 
OPENED BY MANL^AL TRIPPING DEVICE 69 MUST BE RESET BY HAND IE- 
FORE THE RECLOSING RELAY {79) CAN OPERATE. 

79 -AUTOMATIC RECLOSING RELAY. 



MOTH 

1 90. 53 SKI. UTC. »X. Sir. AND tVMKXS Att SAMi AS toa « lOiM *• 

2 TM( PtKtDiNG OfVKf NUMMtS AND UTTdS AK AOOlTlONAA tO T>*Ott USIO •* 
ft&OVf tt. 
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Figure 3-4.— Typical connection diagrams for pneumatic mechanisms 
for outdoor oil blast power circuit breakers. 



normal operation; make them during periods 
of light load if the breaker is in normally 
closed service for extended periods. Make an 
inspection after a breaker has opened to clear 
a severe fault. OVERHAUL AT LEAST EVERY 
2 YEARS, preferably in the spring of the year. 
Recommended procedures for making periodic 
overhauls are described in the following 
paragraphs. 



Preliminary Procedure 

Make arrangements in advance with the 
electrical superintendent to take apparatus out 
of service. After the breaker is opened, check 
for positive grounding. The man in charge of 
the crew must check to be sure the apparatus 
is deenergized and safe for personnel to handle. 
The disconnect switches should be opened to 
isolate the oil circuit breaker completely from 



any possible source of energy. If one or more 
potential transformers are used in connection 
with the oil circuit breaker and they are con- 
nected to the oil circuit breaker side of the 
disconnecting switches, the fuses on the pri- 
mary side of these potential transformers are 
removed. After this switching is completed, the 
proper tags are placed on the oil circuit breaker 
controls. 

To prevent accidental contact by personnel, 
place suitable barriers around adjacent appara- 
tus that might still be energized. In crowded in- 
stallations, barriers may be of rope or net with 
suitable danger flags, or of temporary rigid 
insulated material. 

Equipment to be worked on must first be 
deenergized, (both sides of the circuit broken), 
then grounded. To perform these operations 
safely, personnel should always use: 

1. Rubber gloves 

2. Safety goggles 
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HZI 




GROUNDING CABLE. -A No. 2, or larger 
grounding cable should have a suitable clamp 
on one end for making connection to a ground 
bus. On the other end hot-stick clamps should 
be provided for connection to metallic terminals 
of apparatus. (See fig. 3-7.) 

Neither adjustments nor replacement of cir- 
cuit breaker parts should be attempted without 
first consulting the manufacturer's instruction 
manual. 



Testing and Grounding 



SWITCH 
FUSC 

CONTROLS CiOSED FOR CtOSIMQ OFCRATION 
LATCH CHECK SWITCH WM£N SP£ClFl£D 
CiOSINO SOLCNOlO 

AUXILIARY OPCNINQ SOLCMOID WHEN S^COFIED 

RED BULLS EYE. OCB CLOSED 

GREEN BULLS EYE. OCB OFCN 

GLOW LAMP WHEN CONDENSERS ARE CHARGED 

CAPACITOR TRIPPING COIL 

TRIPPING CAf^AOTOR 
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Figure 3-5.— Typical connection diagram 
of capacitor trip, solenoid 
clC)se oil circuit breakers, 

3. An approved voltage detector. A voltage 
detector may be made from a length of insulated 
wire, equivalent to No. 12 wire or larger, with 
a 6-foot fusible link consisting of No. 19 special 
high-tension wire fastened to a disconnect pole. 
(See fig. 3-6.) 



BATTERY 
CLIP 



BAHERY 
CLIP 





FLEXIBLE 
INSULATED 
WIRE NO. 12 
OR LARGER 



GROUND BUS 



FUSIBLE LINK CONSISTING OF 
/ STRANDS 0.013 STAINLESS 
STEEL WIRE (NO. 19), WITH 
SPECIAL HIGH-TENSION 
RUBBER CORE AND COHON 
BRAID HIGH RESISTANCE 
PYZOOLAZE COVERING. 



The following is the recommended procedure 
for testing and grounding: 

1. Connect one end of an insulated test wire 
to the ground bus and fasten the other end to the 
disconnect pole. 

2. Wearing rubber gloves and goggles, touch 
each metallic terminal of the bushings with a test 
cord. After touch-testing the apparatus, remove 
the test wire. 

3. Connect one end of each grounding cable 
to the ground bus, and apply the hot stick clamps 
on the other end of the cable to each metallic 
terminal of the bushings of the oil circuit 
breaker. Whenever a circuit or a piece of 
equipment is grounded out for the protection of 
personnel, some means must be provided for 
tagging the point of grounding so that other 
personnel will understand that the ground should 
not be removed until maintenance work is 
completed. Various means may be used. Bril- 
liantly colored tags large enough to be seen 
from a considerable distance are suitable as 
are flags that may be hung or clipped to the 
equipment. Station maintenance practices pro- 
hibit the removal of switching or grounding 
tags without the knowledge and consent of the 
individual who placed them. This is a safety 
practice that must be rigidly adhered to. 



GROUND 
BUS 




CLAMPS FOR ATTACHING 
GROUND TO APPARATUS 
USING A POLE 



mmmmmmmL 



C-CLAWP 



NO. 2 FLEXIBLE WIRE 
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Figure 3-6.— Diagram of a voltage detector. 
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Figure 3-7.— Grounding cable. 
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Isolating Controls 

To isolate the closing and tripping control 
and to prevent inadvertent operation of the oil 
circuit breaker, the switch in the operating 
control circuit must be opened. If there is no 
switch in the operating control circuit, block 
the closing relay in the open position and dis- 
connect the trip coil from the circuit, thus 
making the oil circuit breaker inoperative 
from any remote-control station. 



Lowering and Removing Tanks 

Place a pan under the breaker before lower- 
ing the tank, to catch any oil spill. Larger 
breakers usually have tank lifters for lowering 
the tanks; on smaller breakers, the tanks are 
lowered by hand. When using a tank lifter, take 
some tension on the lifting cables or platform 
to take the load off the bolts while they are being 
removed. Then remove the tank bolts and lower 
the tank to the pan on the floor or pad. When 
the tanks have been lowered, the following 
routine is recommended: Allow the mechanisms 
to drain for a few minutes before removing the 
tanks, and operate the breaker by hand to force 
oil out of the contacts. Do not trip free unless 
the contact mechanism is immersed in oil; 
this prevents injury to buffer springs, insulators, 
and so on. Release the breaker and let it out 
slowly by the hand-operating lever. After this 
has been done, wipe the interiors of the mech- 
anisms dry with lint-free wiping rags. Then 
remove the tanks from beneath the breaker and 
filter the oil. 



Tank Liners 

The next step is to drain the tanks and remove 
the liners. Clean the tanks and liners with 
lint -free rags. If the liners are of the paper- 
composition type, check them carefully for 
moisture. Although paper liners do not absorb 
oil, they readily absorb any water that gets into 
the oil and ultimately cause the liners to sep- 
arate and become soft and pliable. If a liner 
contains moisture, dry it in an oven before 
replacing it in the tank. If a liner has a metal 
ring around the top, check the bonding between 
the metal ring and tank. The ring must make 
positive contact with the tank metal. 



Inspection of Contacts 

Check contacts and arc tips for burning, 
mechanical defects, and so on. Although the main 
contacts should not show signs of burning, an arc 
sometimes carries over from the arc tips to the 
main contacts during a violent tripout. Check 
to see that breaker contacts are properly aligned 
and that contact surfaces bear against one 
another, with uniform, firm pressure and are 
adjusted in accordance with the instruction book. 
Replace badly pitted or burnt-out contacts, but 
smooth down with a clean fine file those that 
are only roughened. (This does not apply to silver 
contacts.) When a device contains both main and 
arcing contacts, the main contacts require little 
maintenance, but should be inspected regularly 
and kept smooth and clean. 

Replace arcing contacts if they are badly 
pitted or burned or when their dimensions fall 
below minimum requirements. This will assure 
their continuing to protect the main contacts 
from arc damage. Finger-type contacts nor- 
mally require more maintenance than butt con- 
tacts. An indication of excessive arcing is the 
decrease in thickness of the contact metal below 
the minimum thickness required for proper 
operation as stated in the instruction book. 
Most manufacturers state the minimum thick- 
ness of metal required for proper operation. 
Although some adjustment is provided, there 
are limitations beyond which operation will not 
be satisfactory. 

Contacts on interrupters, such as those used 
on certain oil-blast breakers, require proper 
alignment and uniform pressure. 

Radial-blast interrupters and cross-blast 
interrupters use butt contacts, with their arcing 
and current-carrying functions being performed 
by the same set of contacts. These are high- 
pressure type interrupters, and it is not neces- 
sary to dress or smooth their contact surfaces. 
However, such contacts are gradually burned 
away by arcing and must be adjusted at intervals 
and replaced eventually to maintain proper 
contact. Approximately three-thirty-seconds of 
an inch can be burned off the upper and inter- 
mediate contacts before they demand replace- 
ment. The contact rod tip can be burned off to 
a stub too short to make contact without en- 
croaching on required clearance between the 
bottom of the interrupter and the contact 
crossarm. 

The main contacts of cross-blast inter- 
rupters require little attention except periodic 
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checks for proper alignment and adjustment and 
to assure that they are kept smooth and clean. 

Replace arcing contacts as in any other inter- 
rupting device when they become badly pitted or 
burned. Keep the contacts of magnetic air-blast 
breakers clean and bearing with uniform pres- 
sure in the same way as other contact surfaces. 
When proper contacts cannot be maintained, or 
the alloy turns back far enough so that the arc 
is destroying the copper, replace the contacts. 
In air-blast breakers, make periodic inspections 
to ascertain that no excessive wearing or scoring 
has taken place on the surfaces of the wiping 
contacts. If they are badly scored or pitted, 
replace them. A good indication of the condition 
of the contacts within the arc chute can be made 
by inspecting the arcing tips on the moving 
contact blades. If these are badly pitted or 
burned, it is probable that the internal contacts 
are in the same condition. Severely burned 
contacts or fibers in the chute indicate need of 
replacement. 



Oil 

Test oil in service at frequent intervals 
(3 -month intervals are recommended) or after 
each operation at or near breaker rating. If oil 
shows signs of moisture, carbonization, or dirt, 
filter and test it with a standard spark gap oil 
tester. If the dielectric strength of the oil tests 
less than 22,000 volts as measured by standard 
disks in the tester spaced 0.1 inch apart, keep 
filtering the oil until the proper dielectric 
strength is reached. The dielectric strength of 
new oil should be 26,000 volts minimum. Keep 
the oil in the tanks at the proper level, and 
check the oil gage to make certain that it is 
indicating properly. Check all oil valves to see 
that they do not leak. Also, check the condition 
of all gaskets to make sure that they seal 
properly to prevent entrance of moisture and 
leakage of oil. 



Bushings 

Clean the external surfaces of bushings to 
remove dirt or other deposits. Where abnormal 
conditions prevail, clean bushings frequently to 
reduce possibility of flashover. Warm water and 
soap are recommended for cleaning most bush- 
ings; if soap is not available, an approved Navy 
solvent may be used; take care to avoid spilling 



the solvent on parts that could be injured by it. 
Check the bushings to make sure that they have 
not moved from the proper positions on account 
of vibration or other causes. Check porcelains 
for cracks or breakage, and note the level of oil 
in oil -filled bushings to make sure that it is 
at the proper level. 

Internal Insulating Parts 

Clean all surfaces of the bushings and other 
insulating parts inside the tanks to remove 
traces of carbon or sludge that may remain 
after the tanks have been drained. Clean all 
internal parts of breakers before new filtered 
oil is added. 

Keep insulating parts of magnetic air-blast 
breakers clean and dry. Wipe off dust, carbon 
or other foreign matter collected on magnetic 
air-blast breakers between inspection periods 
and, if there is evidence of dampness, install 
heaters in the compartment to ensure dryness. 
Scale that develops on the insides of arc chutes 
should be left intact, but loose scale in the 
muffler portions of the devices should be 
cleaned out to prevent malfunction of the arc. 

Porcelain air- line insulators (if any) in the 
rear of the arc chutes in air circuit breakers 
should be wiped out and inspected for mechanical 
damage. Remove these insulators at least once a 
year and inspect for damage; then clean them 
internally with suitable solvents. Remove any 
accumulation of carbon or dirt. 



Breaker Mechanism 

The breaker mechanism should operate 
smoothly and freely without stiffness or binding. 
Lubricate all bearing surfaces with the lubricant 
recommended by the manufacturer of the circuit 
breaker. Ascertain that all cotter pins have 
been opened after insertion and that all snap 
rings, locking plates, nuts, and so on are in 
place and properly tightened. Check the stop 
clearance against the value given in the instruc- 
tion book and adjust it if necessary. Inspect 
oil-filled dashpots and fill them with the same 
type and grade of oil as specified for the breakers 
with which they are used. The length of the 
breaker stroke and its opening and closing speeds 
should be measured, checked, and adjusted in 
accordance with directions contained in the in- 
struction book. Make certain that the operating 
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rod for moving the contacts does not bind 
against its guide. Check also for broken or dis- 
torted springs. 



Operating Mechanism 

Lubricate the mechanism in accordance with 
the instruction book and see that it operates 
freely throughout its entire stroke. Make parts 
that are scored or show excessive wear conform 
to tolerances listed in the instruction book. 
Ensure that the operating voltage at the mech- 
anism terminals, with full operating current 
flowing, is adequate for correct operation. This 
is especially important for solenoid-operated 
mechanisms. Check the air pressure on pneu- 
matically operated mechanisms to assure that 
it is adequate and that it is restored promptly 
after each breaker operation. Inspect air con- 
nections or piping for possible leaks and broken 
or distorted springs. In addition, make the 
following routine checks: 

1. Closing relay and its contacts. 

2. Tripping arrangement for positive trip- 
ping, including auxiliary switch adjustments and 
contacts. Dress or replace damaged contacts. 

3. Pneumatically operated mechanisms. 
Check all electrically operated valves; keep 
the air system clean by periodic replacement 
of compressor filter pads, by regular blowing 
off of water condensation, and by systematic 
overhaul and cleaning of the air strainer, check 
valve, unloader, and other critical parts that 
collect dirt. Check the adjustment of all pres- 
sure switches and lockout devices. Refer to the 
instruction book for proper pressures. 

Check all cotter pins, locking plates, snap 
rings, and nuts for tightness. 



Auxiliary Equipment on Mechanism 

The operating mechanism on an oil circuit 
breaker employs an auxiliary multiple-pole 
switch for making-and-breaking, closing, trip- 
ping, and position-indicating circuits. The fol- 
lowing is the recommended inspection 
procedure. 

L Check all auxiliary switch contacts to 
see that they operate freely and make good 
contact. Burns sometimes occur on heavily 
loaded contacts, such as those for large trip 
coils. In such cases, remove relays if necessary 
to clean the contacts with fine sandpaper. 



2. Check all electrical connections to the 
breaker mechanism and auxiliaries to see that 
they are tight and making good contact. Check 
and clean contacts and arc chutes on the auxiliary 
closing relay for operating the closing coil. 
Inspect and oil all bearings. 

3. In the case of a motor-operated mech- 
anism, inspect all electrical connections, motor 
bearings, and brushes, as well as all other 
moving parts. The speed of the closing motor 
is usually controlled by a variable resistor that 
is in series with the motor and can be adjusted 
for seasonal climatic changes or for adaptation 
to a larger or smaller circuit breaker. For 
further information, refer to manufacturer's 
instruction manual. 



Troubleshooting 

Table 3-1 shows the common troubles en- 
countered in power circuit breakers and gives 
the causes and remedies of each. 



CONTROLLEl^ 

A controller regulates the operation of elec- 
trical equipment. A controller for electric 
motors is simply a starter which provides a 
convenient and safe means of performing several 
or all of the following functions: 

1. Start and stop 

2. Accelerate and decelerate 

3. Regulate the speed 

4. Reverse 

In some applications the motor must be frequent- 
ly started, stopped, and reversed, in addition to 
having its speed varied continually. Some a-c 
motor controllers stop motors quickly by plug- 
ging. Plugging is the interchanging (by relays) 
of any two leads of a 3-phase motor to reverse 
the direction of rotation of the a-c field with 
respect to that of the rotor. 

Motors up to 1 horsepower (hp) can usually 
be started or stopped by closing or opening a 
switch that connects the motor directly to the 
power source. To provide automatic protection 
against overload, fuses or circuit breakers are 
to be used. Circuit breakers maybe incorporated 
in the design of the main switch. Motors rated 
from 1/20 to 1 hp, are sometimes furnished with 
the so-called sentinel breaker. The sentinel 
breaker is a small combination switch and cir- 
cuit breaker containing a bimetallic thermal 
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Table 3-1.— Troubleshooting Chart for Power Circuit Breakers. 



Trouble 



Cause 



Remedy 



Overheating. 



Poor condition of contacts: 

1. Out of proper alignment 
and adjustment. 

2. Burned and pitted be- 
cause of lack of attention 
after many heavy opera- 
tions, or too frequent 
operation. 



Breaker kept closed (or 
open) for too long a period 
(copper contacts). 



Overloading (continuous 
of prolonged current in ex- 
cess of breaker rating). 



Transmission of heat to 
the breakers from over- 
heated or inadequate cables 
or connection bars. 



1. Contacts should be 
lined up and adjusted 
properly. 

2. Burned and pitted 
contacts (other than 
silver) should be 
dressed up, if prac- 
tical, or replaced 
with new parts. 
(High-pressure butt- 
type contacts usually 
do not require dress- 
ing. Silver-to-silver 
contacts are very 
rarely dressed. 

3. Operate breaker 
more frequently to 
wipe contacts clean. 
It may be advisable 
to consider the in- 
stallation of new 
silver-to-silver con- 
tacts. The manufac- 
turer's nearest office 
should be consulted. 

4. If the breaker is 
overheating because 
of excess current, 
one of two remedies 
can be followed: 

a. replace with break- 
er having adequate 
rating for the pres- 
ent or future load; b. 
arrange circuits so 
as to remove the 
excess load. 

5. If the bars or ca- 
bles overheat because 
of current in excess 
of their capacity, this 
can be remedied by 
increasing the carry- 
ing capacity (that is, 
increasing the size 
or number of con- 
ductors) or by re- 
moving the excess 
current from the 
circuit. 
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Table 3-1.— Troubleshooting Chart for Power Circuit Breakers. (Continued) 



Trouble 



Cause 



Remedy 



Overheating (Cont'd), 



6. Loose connections or 
terminal connectors. 

7. Ambient temperature too 
high. 



6. Tighten. 

7. Relocate in a cooler 
place, or arrange some 
means of cooling. 



Failure to trip . 



Failure to close or to latch 
closed 



5. 



Mechanism binding or 
sticking. Caused by lack 
of lubrication or mechanism 
out of adjustment. 



Failure of latching de- 
vice. 



Damaged trip coil. 

Blown fuse in control 
circuit (where trip coils 
are potential type). 

Faulty connections (loose 
or broken wire) in trip 
circuit. 

Damaged or dirty con- 
tacts on tripping device. 



2. 



Mechanism binding or 
sticking because of lack of 
lubrication or improper ad- 
justment of breaker 
mechanism. 



Burnout of operating 
(closing) coil (of electric- 
ally operated breakers) 
caused by operator holding 
control switch closed too 
long. 



Lubricate mech- 
anism. Adjust all 
mechanical devices, 
such as toggles, 
stops, buffers, and 
opening springs, ac- 
cording to instruc- 
tion book. 

Examine surface of 
latch. If worn or cor- 
roded, replace. Check 
latch wipe, and adjust 
according to instruc- 
tion book. 

Replace damaged coil. 

Replace blown fuse. 



Repair faulty wir- 
ing. See that all bind- 
ing screws are tight. 

Dress or replace 
damaged contacts or 
clean dirty contacts. 



Lubricate mech- 
anism. Adjust all 
mechanical devices, 
such as toggles, 
stops, buffers, and 
opening springs, to 
specifications in 
breaker instruction 
book. 

Replace damaged 
coil and teach opera- 
tor how to operate 
properly. A better 
remedy would be to 
change the connec- 
tions to include an 
auxiliary switch, 
which automatically 
cuts off the closing 
coil as soon as the 
breaker closes. 
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Table 3-L— Troubleshooting Chart for Power Circuit Breakers. (Continued) 



Trouble 



Cause 



Remedy 



Failure to close or to 
latch closed (Cont'd) 



Insufficient oil (in oil-circuit - 
breaker (tanks) 



Closing relay sticking. 

Cutoff switch operating 
too soon. 



Cutoff switch operating 
too late, causing the break- 
er to bounce open. 

Insufficient control volt- 
age (of electrically operated 
breaker) caused by: 
a. Too much drop in leads. 



b. On a-c control—poor 
regulation. 



c. On d-c control — battery 
not fully charged or in 
poor condition. 



Blown fuse in control 
circuits, faulty connection 
or broken wire in control 
circuit, damaged or dirty 
contacts in control switch 
(electrically operated 
breaker). 



3. Check or adjust 
closing relay. 

4. Adjust operation of 
cutoff switch to de- 
lay cutoff so as to al- 
low breaker to close 
fully. 

5. Readjust to reduce 
power at end of stroke 
and eliminate bounce. 

6. (See a, b, c, below) 



a. Install larger 
wires; improve 
contact at connec- 
tions. 

b. Install larger con- 
trol transformer. 
Check rectifier, 
and be sure it is 
delivering ade- 
quate d-c voltage 
from adequate a-c 
supply. 

c. Give battery a 
sustaining charge, 
or repair accord- 
ing to instructions 
in battery manu- 
facturer's manual. 

Replace blown fuse; 
repair faulty connec- 
tion or broken wire; 
dress or replace 
damaged contacts or 
clean dirty contacts 
in control switch. 



Leakage of oil. Oil throw 
during operation. 



Locate point of leak- 
age, and repair. 
Tighten joints in oil 
lines. Fill oil tanks 
to proper oil level. 
(Modern G-2 oil- 
blast breakers do 
not throw oil when 
interrupting current 
within their rating.) 
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Table 3-1.— Troubleshooting Chart for Power Circuit Breakers. (Continued) 



Trouble 


Cause 


Remedy 


Dirty oil (in oil-circuit- 

breaker tanks) 


Carbonization from any opera- 
tions 


Drain poor oil and filter 
or replace with new 
oil. Clean inside of 
tank and all internal 
parts of breaker. 




1. Condensation of moist 
atmosphere. 

2. Entrance of water from 
rain or other source. 


1. Drain and filter oil 
or put in new oil. 

2. Repair source of 
water entrance. 


Sludging of oil 


Overheating. 


Filter or put in new oil. 
Remove source of 
overheating. 


Gaskets leaking 


Improper installation of gas- 
kets at a previous inspectiort 
or repair. Oil saturation. 


Put in new gaskets, 
treated in accordance 
with breaker instruc- 
tion book. 




Absorption of moisture and ac- 
cumulation of dirt, grime, 
carbon, and the like on bush- 
ing and insulating parts. 


Thoroughly clean all in- 
sulated parts. Bake or 
dry out water-soaked 
parts (or treat in ac- 
cordance with direc- 
tions in breaker 
instruction book). 



element. This thermal element will not trip 
immediately when an overload occurs; however, 
if there is a sustained heavy load the breaker 
will trip before the motor is damaged. 

Some of the most common types of controllers 
used with a-c motors are: 

Across-the-line starters 

Primary resistance starters 

Secondary resistance starters 

Autotransformer or compensator starter 

Star delta starter 

Regardless of the type of controller, all of 
them have overload protection devices, and most 
of them give low-voltage protection or low- 
voltage release protection. Many controllers 



are designed to withstand high mechanical shock 
and are equipped with manual latches or auto- 
matic latching relays to prevent false operation. 
Some typical controllers and wiring diagrams 
are shown in this chapter. A thorough knowledge 
of controller circuits and their operating charac- 
teristics will help you to install, maintain, and 
repair a-c controllers. 



MAGNETIC ACROSS-THE-LINE STARTERS 

A single-phase push button magnetic across- 
the-line starter connection is illustrated in 
figure 3-8. Both line leads are connected to the 
motor terminals through the main contacts 
Ml and M2, which close or open when the ap- 
propriate button is pushed. The thermal relay 
protecting the motor is connected in series with 
L2 in figure 3-8. A control circuit supplying the 
operating coil is connected across the main line. 
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Figure 3-8. — Line diagram of a single-phase 
magnetic across-the-line 
controller. 



(The light line in fig. 3-8 is the control circuit; 
the heavy line is the main circuit.) 

The magnetic coil circuit can be opened either 
by pressing the STOP button, or by operation of 
the thermal overload relay. Both of these actions 
deenergize the magnetic coil and open contacts 
Ml, M2 and SI. 

When the START button is depressed, the 
control circuit is connected across the line. The 
electromagnet is energized and closes the main 
contacts Ml, M2 which connect the motor across 
the line. The holding contact SI is also closed 
by the electromagnet and remains closed after 
release of the START button to keep the magnet 
coil energized. 

Illustrated in figure 3-9 is a line diagram 
of a 3-phase magnetic across-the-line starter. 
The 3-phase magnetic across-the-line control- 
ler operates on the same principle as the single- 
phase unit except there are three line leads con- 
nected to the motor; also notice in figure 3-9 that 
the motor protecting thermal overload relay 
heaters are in series with LI and L2 to the 
motor. Normally only two thermal overload 
relays are required to adequately protect the3- 
phase motor. 




lOL 20lT 



26.15 

Figure 3-9.— Wiring diagram of a three-phase 
magnetic across-the-line starter 
with three-wire remote control. 

When the START button is depressed, a cir- 
cuit is completed from LI through the START 
and STOP buttons and the coil of latching relay 
(LR) to L2. The coil of LR is energized and LR 
operates to close relay contacts CI and C2. This 
action completes a circuit through coil M. Coil 
M is energized and closes the main line contacts 
Ml, M2, and M3; this action connects the motor 
directly across the line. 

The latching relay contact CI completes the 
circuit to the coil of the main line contactor. 
Contacts CI and C2 are mechanically connected 
by a lever which prevents them from opening 
as a result of a shock. Also, when the latching 
relay opens, it operates a mechanical latch 
which prevents the main contactor from closing 
while it is electrically deenergized. 

When the STOP button is depressed, the latch- 
ing relay is deenergized and contacts CI andC2 
open. This de-energizes the coil of the main 
contactor and causes the main contacts to open. 

You will notice that the overload relay con- 
tacts are in the control circuit, but are operated 
by heating elements placed inthe main lines. The 
relays are reset by depressing the reset button. 
The control circuit is FUSED to protect the 
control circuit when remote control switches are 
used. 

The starter also gives LOW-VOLTAGE PRO- 
TECTION by allowing the magnetic contactor 
to open when the line voltage fails or goes below 
a certain value. When the voltage is restored 
to its normal value, the motor will not start 
again until the START button is depressed. 
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PRIMARY RESISTOR CONTROLLER 

Primary resistor starters are used on 
motors to reduce the sudden surge of current on 
starting, or when it is desirable to avoid sudden 
mechanical shock to the driven load. A typical 
line diagram of a magnetic primary resistor 
starter is illustrated in figure 3-10. Notice that 
the resistors are connected in the motor circuit. 

The two-point magnetic type starter is 
suitable for most applications. The two-point 
type starter is generally made up of an accelera- 
tor control, an overload relay, a timing relay, 
starting resistors, and a line contactor. 

In operation the line contactor (M) is first 
to make contact, energizing the motor through 
the starting resistors. Then the time relay is 
activated after a predetermined time interval, 
closing the accelerating contactor (A), and cut- 
ting out the starting resistance, thereby placing 
the motor directly across the line. The motor 
now runs at full speed because all resistance 
has been cut out. 



SECONDARY RESISTOR CONTROLLER 

The magnetic secondary resistor controller 
is used in conjunction with a wound rotor motor 
requiring automatic acceleration. This type of 
starter usually consists of primary contactors, 
starting duty resistors for the motor secondary, 
overload relays, and the required number of 
timed-accelerating contactors. 

In operation, depressing the starter button 
closes the main line contactors, placing the rotor 
in series with the resistors, and the stator 
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Figure 3-10.— Typical schematic diagram of a 
two-point primary resistor 
starter. 



directly across the line. The contacts of the 
timed accelerator progressively short out the 
secondary resistance until the slip rings are 
short circuited, thereby bringing the motor up 
to full speed. A line diagram of the secondary 
resistor is shown in figure 3-11. 



AUTOTRANSFORMER CONTROLLER 

An autotransformer starter (fig. 3-12) re- 
duces the voltage applied to the motor during 
the initial starting period. It is used advantage- 
ously where high starting line currents must be 
reduced (more than with resistor starters) or 
where the starting torque of the motor must be 
adjusted to meet the particular load requirement. 

One advantage of the autotransformer starter 
is that the action of the transformer, rather than 
the resistance, reduces the voltage; therefore, 
no energy is lost through heat. A disadvantage 
of this type starter is a temporary, but complete 
loss of power on the motor terminal when the 
motor is disconnected from the transformer taps 
and transferred to the power line. 

Figure 3-13A is a simplified schematic of 
an autotransformer having three laminated iron 
cores (one for each phase, star connected) wound 
with a coil or wire containing several taps to 
obtain a variation of voltages. The schematic 
(fig. 3-13A) Indicates that each coil is connected 
at the center and connected to the 3 -phase motor. 
This gives the motor only one-half of the line 
voltage at the start. 

The control equipment in the schematic 
shown in figure 3-13B Includes the START and 
RUN contactors, autotransformer, timer relay, 
control relay and overload relays. 

l3 L2 LI 

Oli Ol2 




Figure 3-11.— A line diagram of a typical 
secondary resistor starter. 
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Figure 3-12.— Autotransformer starter. 



In operation the start button if depressed 
energizes the START contactor (SC), which in 
closing connects the motor to the line by way of 
reduced voltage taps on the autotransformer, and 
simultaneously energizes the timing relay (TR). 
At the conclusion of the timing period, deter- 
mined by the setting of the timer, the timer 
contacts (TR) close. Contacts (TR) in closing 
actuate the control relay (CR) which then 
functions to open the START contactor (SC) and 
energize the RUN contactor (RC). When the RUN 
contactor (RC) closes, the motor is connected 
directly across the line. Magnetic contactors 
(SC and RC) are cross-interlocked to prevent 
both units from closing. Simultaneous closing 
of these magnetic contactors would cause an 
over-voltage on the autotransformer. 




Figure 3-13.— A. Line diagram of an auto- 
transformer starter. 
B. Simplified schematics of the 
primary circuit. 

Full line voltage is applied to the autotrans- 
former primary. Starting current supplied at 
reduced voltage is higher than line current during 
this period. The usual time limit for bringing 
a loaded motor to two-thirds or more of its full 
speed is between 20 to 30 seconds. 
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STAR DELTA STARTING 

The star delta starting method of reduced 
voltage can only be applied to motors having a 
delta connected winding that changes the motor 
terminal connection during the starting period. If 
the winding is changed from a delta connection 
to a star connection, the voltage across the 
windings is reduced to 57.7 percent of the line 
voltage. After the motor is started, the windings 
are reconnected delta, and the voltage across 
them is line voltage. 

All the phase leads are brought out to the 
terminal box, so that the connection may be 
easily changed. 

Figure 3-14 isa wiring diagram of a magnetic 
controller used for star delta starting. When the 
start button is depressed, contactor coil M is 
energized and closes contacts Ml, M2, and M3, 
which connect phase leads T2,T4, and T6 across 
the line. At the same time, relay Rand magnetic 
contactor S are energized. Contactor S closes SI, 
S2, and S3, which connect phase leads T1,T3, and 
T5 together. The motor winding is then star 
connected and connected across the line. 

Relay R is a time relay. After a predeter- 
mined time delay, it opens the control circuit 
of contactors S and closes the control circuit of 
contactor D. Contactor S opens contacts SI, S2, 
and S3. Contactor D closes contacts Dl, D2,and 
D3. Contacts Dl, D2, and D3 connect T1,T3, and 
T5 to T6, T2 and T4 respectively and make a 
delta connection of the stator winding. Contacts 
Ml, M2, and M3 remain closed so that the motor 
is connected across the line. 




^ 
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Figure 3-14.— Wiring diagram for a star-delta 
magnetic controller. 



Thermal cutouts and relays, and other de- 
vices for motor-running protection which are not 
capable of opening short circuits, must be 
protected by fuses or circuit breakers. The 
rating or setting of these protective devices 
must not be over four times the rating of the 
motor for which they are designed. The only 
exception is when they are approved for group 
installation, and are marked to indicate the 
maximum size of fuse by which they must be 
protected. 

A motor-running protective device which can 
restart a motor automatically after overcur rent 
tripping must not be installed unless approved 
for use with the motor which it protects. A 
motor which can restart automatically after 
shutdown must not be installed so that its auto- 
matic restarting can result in injury to 
personnel. 

Motor-running overcurrent devices other 
than fuses must have a rating of not less than 
115 percent, nor more than 125 percent of the 
full-load current rating of the motor. 

SAFETY CODE FOR MOTORS AND MOTOR 
PROTECTION 

In installing motors or motor controllers 
various requirements are necessary for safety 
of personnel and equipment. Below are some of 
the requirements for motor markings: 

A motor shall be provided with a nameplate 
showing the maker's name, the rating in volts 
and amperes, including those of the secondary if 
a wound rotor type of motor, the normal full -load 
speed and the interval during which it can operate 
at full load starting cold, before reaching its 
rated temperature. The time interval shall be 
5, 15, 30, or 60 minutes, or continuous. 

A motor rated at 1/8 horsepower or larger 
shall have the horsepower rating marked on the 
nameplate except that the motors of arc welders 
may be marked in amperes. 

An alternating current motor rated at 1/2 
horsepower or larger, unless it is a polyphase 
wound-rotor motor, shall have the nameplate 
marked with a code letter to show its input in 
kilovolt-amperes with locked rotor. 

SOME REQUIREMENTS FOR MOTOR 
CONTROLS AND MOUNTINGS 

Controllers must show the manufacturer's 
name or symbol (for instance, SQUARE D); the 
voltage rating or ratings; the horsepower ca- 
pacity or current carrying capacity; any data 
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needed to indicate for what type of motor the 
controller is suitable; and terminal numbering 
(example, LI, L2, Tl, and so on). 

Control cabinets may not be used as a junction 
box, raceway, etc., for circuits containing 
apparatus other than the motor and controller 
connections. 

Motors must be located so that: adequate 
ventilation is provided; maintenance such as 
lubrication of bearings and replacing of brushes 
can be readily accomplished; sparks from the 
commutator or collector rings will not cause 
fire hazards; and they are within sight of and not 
more than 50 feet from the controller. 

The frames of stationary motors must be 
groimded. AH motors must also be permanently 
and effectively grounded. 

The preceding are but a few of the require- 
ments for the installation of motors and their 
controls. If there is any doubt in your mind 
about the requirements for the installation of 
motors and their controls, or for almost any 
electrical requirements, you should consult the 
appropriate Navy or National electrical code or 
the appropriate Navy publication. 



MAINTENANCE OF CONTROLLERS 

The most important rule to remember when 
making repairs or inspecting motor controllers 
is - BE SURE THE CONTROLLER IS DISCON- 
NECTED FROM THE POWER SOURCE BEFORE 
TOUCHING ANY OF THE OPERATING PARTS. 

After the power source is disconnected, you 
can go ahead with your work. The first thing that 
should be done to keep controllers operating 
at maximum efficiency is to keep them free from 
dirt, dust, grease, and oil, both inside and out. 
Clean the operating mechanism and contacts 
with a clean, dry, lintless cloth, or with a 
vacuum cleaner. Small and delicate mechanical 
parts may be cleaned with a small, stiff bristle 
brush and a Navy approved solvent, NEVER 
USE CARBON TETRACHLORIDE. 

If the manufacturer's instruction sheets for 
a device indicate bearing surfaces are to be 
lubricated, the bearing surfaces should receive 
a few drops of light oil, and all excess oil should 
be wiped off. In general, bearings which operate 
on a shaft or pin require lubrication. But knife 
edge bearings and plunger type armatures, which 
may become gummed up, SHOULD NOT BE 
OILED. 



COPPER CONTACTS 

Copper contacts are used for most heavy duty 
power circuits, and in many cases, in relay and 
interlock circuits. They should be inspected 
regularly. If projections extend beyond the 
contact surfaces, or if the contacts are pitted or 
coated with copper oxide, they should be dressed 
down with fine sandpaper. 

Welding of contacts sometimes occurs. In 
spite of all precautions, low voltage is the most 
common cause. Welding may also result from 
overloads, low contact pressure resulting from 
wear or weak springs, loose connections, or ex- 
cessive vibrations. If welding occurs, it is an 
indication of trouble in the electrical system. 
The contacts will have to be replaced, but it is 
useless to replace them unless the cause of the 
welding is found and corrected. 



CARBON CONTACTS 

Carbon contacts are used when a contactor is 
frequently opened and closed. It is essential 
that the contactor beopenwhenit isdeenergized. 
Since carbon contacts will not weld together 
when closed, they are better than metal contacts 
for ensuring that a deenergized contact is open. 
Carbon contacts are used only when necessary, 
however, because the current capacity of carbon 
per square inch of contact surface is very low; 
therefore the contacts made of carbon must be 
relatively large. 



SILVER CONTACTS 

Silver contacts are used extensively in pilot 
and control circuits, on relays, interlocks, 
master switches, and so on. They are used also 
on smaller controllers, and on heavy duty equip- 
ment where the contactors remain closed for long 
periods of time with infrequent operation. Silver 
contacts are used because they ensure better 
contact than other less expensive material. 

Pure silver contacts and silver cadmium- 
oxide contacts should not be replaced until they 
become too worn to give good service. Their 
appearance will indicate when they are worn to 
such an extent that they are no longer service- 
able. (See fig. 3-15.) 

Normally, contacts are subjected to electri- 
cal and mechanical wear as they establish and 
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Figure 3-15.— Silver contact. 
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interrupt electric currents. Electrical wear is 
usually greater than mechanical wear. If a 
movable contact assembly has no appreciable 
sliding action on its associated stationary contact 
assemblies, mechanical wear will be in- 
significant. 

Electrical wear or erosion is caused by 
arcing when the contacts are establishing and 
interrupting currents. During arcing, a small 
part of each contact is melted, vaporized, and 
blown away from the contact. 

As a pure silver contact erodes, its arcing 
surface changes in color, contour, and smooth- 
ness. Figure 3-15 shows typical changes in 
contour and smoothness. Normally, a new con- 
tact has a uniform silver color, a regular con- 
tour, and a smooth arcing surface. (Figure 3-15, 
top). As the contact wears, discolorations usu- 
ally give it a mottled appearance, showing sil- 
ver, blue, brown and black. The black color 



comes from the silver oxide formed during 
arcing. Silver oxide is beneficial to the operation 
of the contact. Figure 3-15, center. 

Electrical erosion may cause uneven wear of 
the contacts and consequent contour-irregu- 
larity. Uneven contact wear does not necessarily 
indicate that the contact be replaced. To allow 
for uneven contact wear, manufacturers usually 
provide a total thickness of silver equal to 
twice the wear-allowance associated with the 
contact. Figure 3-15, bottom. 

Melting and vaporization of contacts cause 
pitting of the arcing surface. The pitted surface 
has high spots which are quite small in area; 
tests indicate that such a surface is better than 
a surface which has not been subjectedto arcing, 
because its circuit-making reliability is 
improved. 

A silver-cadmium-oxide contact shows the 
same wear characteristics as a pure silver 
contact, except that small black granules may 
be evident on the arcing surface. These granules 
are cadmium oxide, a black material which is 
scattered throughout the mixture which has 
formed on the contacts. Silver oxide is formed 
during arcing, just as with a pure silver contact. 
The addition of cadmium oxide greatly improves 
contact operation because it minimizes the ten- 
dency of the contacts to weld together, retards 
heavy transfer of material from one contact 
to the other, and inhibits erosion. 

A contact is serviceable as long as its wear- 
allowance and that of its associated contacts 
exceed minimum value specified by the manu- 
facturer. (Usually the minimum value is in the 
order of 0.015 to 0.030 inch.) The wear-allow- 
ance of contacts is defined as the total thickness 
of contact material which may be worn away 
before the contact of two associated surfaces 
becomes inadequate to carry rated current. 

In an electric-motor contactor, the wear- 
allowance of the power pole contacts is usually 
related to the closed position of the magnetic 
operator. The wear-allowance of the power-pole 
contacts of a magnetic contactor is the amount 
of silver that can be worn away without resulting 
in a failure of contacts to touch when the 
magnetic operator is at its closed position. 



BLOWOUT COILS 

Blowout coils seldomwear out or give trouble 
when used within their rating. However, if they 
are required to carry excessive currents, the 
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insulation becomes charred and fails, causing 
flash-overs and failure of the device. 

Arc shields are constantly subjected to the 
intense heat of arcing and may eventually burn 
away, allowing the arc to short circuit to the 
metal blowout pole pieces. Therefore, arc 
shields should be inspected regularly and re- 
newed before they burn through. 

Arc barriers provide insulation between 
electrical circuits and must be replaced if 
broken or burned to a degree where short 
circuits are likely to occur. 

The importance of having clean, tight elec- 
trical connections cannot be overemphasized. 



Where practical, it is a good ideaanda common 
practice to solder electrical connections. 

Excessive slam on closing, particularly on 
a-c magnet -operated devices, will eventually 
damage the laminated face of the magnet arma- 
ture and may damage the shading coil. 

Magnet coils should be kept dry. Wet coils 
should always be dried out before using. They 
may be dried by baking them in an oven at 230** 
to 257^ Fahrenheit. The length of time in the 
oven depends on the size of the coil. 

Table 3-2 is a troubleshooting chart for a-c 
controllers. 



Table 3-2.— Troubleshooting Chart for A-C Controllers. 



FAILURE TO CLOSE 



Probable Cause 


Remedy 


No power. 


Check power source. Replace faulty 




fuses. 


Low voltage. 


Check power -supply voltage. Apply 




correct voltage. Check for low 




power factor. 


Inadequate lead wires. 


Install lead wires of proper size. 


Loose connections. 


Tighten all connections. 


Open connections and broken wiring. 


Locate opens and repair or replace 




wiring. Remove dirt from controller 




contacts. 


Contacts affected by long idleness 


Clean and adjust. 


or high operating temperature. 




Contacts affected by chemical fumes 


Replace with oil-immersed contacts. 


or salty atmosphere. 




Inadequate contact pressure. 


Replace contacts and adjust spring 




tension. 


Open circuit breaker. 


Check circuit wiring for possible fault. 


Defective coil. 


Replace with new coil. 


Overload-relay contact latched open. 


Operate hand- or electric -reset. 


FAILURE TO OPEN 


Probable Cause 


Remedy 


Interlock does not open circuit. 


Check control-circuit wiring for pos- 




sible fault. Test and repair. 


Holding circuit grounded. 


Test and repair or replace grounded 




parts. 


Misalignment of parts; contacts 


Realign and test for free movement by 


app>arently held together by residual 


hand. Magnetic sticking rarely 


magnetism. 


occurs unless caused by excessive 




mechanical friction or misalignment 




of moving parts. Wipe off pole faces 




to remove accumulation of oil. 


Contacts welded together. 


See CONTACTS WELDED TOGETHER 




section. 



An 
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Table 3-2.— Troubleshooting Chart for A-C Controllers. (Continued) 



SLUGGISH OPERATION 



Probable Cause 


Remedy 


Spring tension too strong. 


Adjust for proper spring tension. 


Low voltage. 


Check power-supply voltage. Apply 




correct voltage. 


Operating in wrong position. 


Remount in correct operating position. 


Excessive friction. 


Realign and test for free movement by 




hand. Clean pivots. 


Rusty parts due to long periods of 


Clean or renew rusty parts. 


idleness. 




Sticky moving parts. 


Wipe off all accumulations of oil and 




dirt. Bearings do not need lubri- 




cation. 


Misalignment of parts. 


Check for proper alignment. Realign 




to reduce friction and test for free 




movement by hand. 



ERRATIC OPERATION 



(Unwanted openings and closures and failure of overload protection) 



Probable Cause 


Remedy 


Short circuits. 


Test and repair or replace defective 




parts. 


Grounds. 


Test and repair or replace defective 




parts. 


Sneak currents. 


These are usually caused by intermit- 




tent grounds or short circuits in the 




machines or wiring circuit. Test and 




replace faulty parts or wiring. 


Loose connections. 


Tighten all connections. Eliminate any 




vibrations or rapid temperature 




changes that may occur in close 




proximity to the controller. 


OVERHEATING OF COILS 


Probable Cause 


Remedy 


Shorted coil. 


Replace coil. 


High ambient temperature or poor 


Relocate controller, use forced venti- 


ventilation. 


lation, or replace with suitable type 




controller. 


High voltage. 


Check for shorted control resistor. 




Check power-supply voltage. Apply 




correct voltage. 


High current. 


Check current rating of controller. 




Make check for high voltage above. 




If necessary, replace with suitable 




type controller. 


Loose connections. 


Tighten all connections. Check for un- 




due vibrations in vicinity. 



A O 
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Table 3-2.— Troubleshooting Chart for A-C Controllers. (Continued) 



Excessive collection of dirt and 


Clean but do not reoil parts. If covers 


grime. 


do not fit tightly, realign and adjust 




fasteners. 


High humidity, extremely dirty 


Use oil-immersed controller or dust- 


atmosphere, excessive conden- 


tight enclosures. 


sation, and rapid temperature 




changes. 




Operating on wrong frequency. 


Replace with coil of proper frequency 




rating. 


D-C instead of a-c coil. 


Replace with a-c coil. 


Too frequent operation. 


Adjust to apply larger control. 


Open armature gap. 


Adjust spring tension. Eliminate ex- 




cessive friction or remove any block- 




ing in gap. 


CONTACTS WELDED TOGETHER 


Probable Cause 


Remedy 


Improper application. 


Check load conditions and replace with 




a more suitable type controller. 


Excessive temperature. 


Smooth off contact surface to remove 




concentrated hot spots. 


Excessive binding of contact tip 


Adjust spring pressure. 


upon closing. 




Contacts close without enough spring 


Replace worn contacts. Adjust or re- 


pressure. 


place weak springs. Check armature 




overtravel. 


Sluggish operation. 


See SLUGGISH OPERATION. 


Rapid, momentary, touching of con- 


Smooth contacts. Adjust weak springs. 


tacts without enough pressure. 


Where controller has "JOG" or 




**INCH" control button, operate this 




less rapidly. 


OVERHEATING OF CONTACTS 


Probable Cause 


Remedy 


Inadequate spring pressure. 


Replace worn contacts. Adjust or re- 




place weak springs. 


Contacts overloaded. 


Check load data with controller rating. 




Replace with correct size contactor. 


Dirty contacts. 


Clean and smooth contacts. 


High humidity, extremely dirty 


See OVERHEATING OF COILS. 


atmosphere, excessive condensation. 




and rapid temperature changes. 




High ambient temperature or poor 


See OVERHEATING OF COILS. 


ventilation. 




Chronic arcing. 


Adjust or replace arc chutes. If arcing 




persists, replace with a more suit- 




able controller. 


Rough contact surfaces. 


Clean and smooth contacts. Check 




alignment. 


Continuous vibration when contacts are 


Change or improve mounting of 


closed. 


controller. 
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Table 3-2.— Troubleshooting Chart 
Oxidation of contacts^ 


for A-C Controllers. (Continued) 

Keep clean, reduce excessive tempera- 
ture, or use oil-immersed contacts. 


ARCING AT CONTACTS 


Probable Cause 
Arc not confined to proper path. 

Inadequate spring pressure. 
Slow in opening. 

Faulty blowout coil or connection. 
Excessive inductance in load circuit. 


Remedy 

Adjust or renew arc chutes. If arcing 
persists, replace with more suitable 
controller. 

Replace worn contacts. Adjust or re- 
place weak springs. 

Remove excessive friction. Adjust 
spring tension. Renew weak springs. 
See SLUGGISH OPERATION, 

Check and replace coil. Tighten 
connection. 

Adjust load or replace with more suit- 
able controller. 


PITTING OR CORRODING OF CONTACTS 


Probable Cause 

Too little surface contact. 
Service too severe. 

Corrosive atmosphere. 

Continuous vibration when contacts are 

closed. 
Oxidation of contacts. 


Remedy 

Clean contacts and adjust springs. 

Check load conditions and replace with 
more suitable controller. 

Use airtight enclosure. In extreme 
cases, use oil-immersed contacts. 

Change or improve mounting of 
controller. 

Keep clean, reduce excessive tempera- 
ture, or use oil-immersed contacts. 


NOISY OPERATION 
(Hum or Chatter) 


Probable Cause 

Poor fit at pole face. 

Broken or defective shading coil. 

Loose coil. 

Worn parts. 


Remedy 

Realign and adjust pole faces. 
Replace coil. 

Check coil. If correct size, shim coil 

until tight. 
Replace with new parts. 


VIBRATION AFTER REPAIRS 


Probable Cause 

Misalignment of parts. 

Loose mounting. 
Incorrect coil. 

Too much play in moving parts. 


Remedy 

Realign parts and test for free move- 
ment by hand. 

Tighten mounting bolts. 

Replace with proper coil. 

Shim parts for proper tightness and 
clearance. 
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VOLTAGE REGULATORS (FEEDERS) 



STEP VOLTAGE REGULATOR 



Uniform voltage on feeder circuits is main- 
tained by automatically operated voltage reg- 
ulators that raise or lower the circuit voltage 
as load demands change. The voltage regulators 
discussed in this chapter are the single-phase 
station type induction and step voltage regu- 
lators that are used on primary distribution 
feeders. Although the details of construction 
of these regulators are different, their operating 
and control devices are similar. 

INDUCTION REGULATOR 

The induction voltage regulator consists of 
a fixed (secondary) and movable (primary) wind- 
ing which rotates through 180** only. A motor 
and brake with a contact making voltmeter, 
line-drop compensator, and controls provide 
either automatic or manual operation. The 
regulator is normally designed for plus or minus 
10 percent variation of the primary distribution 
voltage. The secondary winding is arranged in 
two coils which may be connected in series or in 
parallel, making possible the reconnection of a 
10 percent regulator to provide only 5 percent 
regulation having double the current capacity. 
Figure 3-16 shows a cross section of an in- 
duction regulator.. Figures 3-17 and 3-18 are 
line diagrams of an induction regulator 
compensator. 

Figure 3-18 is a simplified schematic dia- 
gram of an automatically controlled induction 
regulator. Normally, the operation is as follows: 
When the voltage of the feeder is normal, the 
plunger of the voltage relay is in the middle 
position; the motor line switch is open; and the 
induction regulator is neither bucking nor boost- 
ing the voltage. When the feeder voltage drops, 
the plunger in the relay drops. This closes the 
switch in the motor circuit and causes the motor 
to rotate in the direction which will boost the 
voltage. The motor rotates until the voltage is 
raised to a point which will lift the relay plunger 
to its medium position. Should the voltage be 
increased above normal, the relay plunger 
would go above the medium position, thereby 
closing a contact above. Closing this contact 
forces the motor switch to close in the opposite 
direction, thereby reversing the rotation of the 
motor. This will now cause the regulator to 
buck the voltage and lower it back to normal 
value. In all cases, the shunt winding is rotated 
until the voltage is brought to its normal value. 



The step voltage regulator provides econom- 
ical and reliable regulation. This type consists 
essentially of a core and coil assembly, switching 
mechanism, motor, and control for both manual 
and automatic operation. Ordinarily all moving 
parts are accessible for inspection; this aids 
materially in reducing maintenance cost. Pro- 
cedures for adjustments and normal maintenance 
usually are covered adequately in the manu- 
facturer's instruction book provided with the 
equipment. Figure 3-19 shows a cutaway view of 
a step voltage regulator. 
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Figure 3-16.— Cross section of an induction 
regulator. 
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Figure 3-20 is a simplified wiring diagram 
of an automatically controlled step voltage regu- 
lator. The diagram is a 3 -phase composite trans- 
former with delta connected primaries and Y 
connected secondaries. Inserted in each phase 
wire is a series boosting transformer, the prim- 
aries of which are supplied through preventive 



coils and the tapped Y connected secondaries. 
The '^tap changers'' are motor driven and are 
immersed in oil. 

In actual application you can use two single- 
phase regulators to regulate a 3-phase, 3-wire 
circuit adequately. Three single-phase regu- 
lators are required for a 3-phase, 4-wire circuit. 
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Figure 3-17.— One type of induction regulator compensator. 
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Figure 3- 18. -Schematic wiring diagram of an automatically controlled induction regulator. 



Operation 

Preliminary regulator adjustments for auto- 
matic operation are usually made from voltmeter 
readings at the load center during peak and off 
peak periods. A field man communicates the 
reading to the station operator who adjusts the 
regulator to deliver the desired voltage. 

To maintain a reasonably constant voltage on 
the circuit, a measurement of the voltage at the 
load center must be obtained. If the regulators 
to be tested are in service and the contact making 
voltmeter and taps on the line-drop compensator 
(shown on fig. 3-18, but not on fig. 3-19) have 
been temporarily adjusted, the following pro- 
cedure applies: 

1. Choose a location at or near the load 
center of the circuit for obtaining voltage meas- 
urement records. 

2. If lightly loaded transformers are avail- 
able, they cangenerally be used with satisfactory 
results. If not, suitable potential transformers 
are connected across the phases to be tested. 
On 3-phase circuits, two of the phases should 
be tested simultaneously. 

3. Install recording voltmeters at the sec- 
ondary terminals of the transformers. These 
voltmeters should be tested and adjusted for 
accuracy before installation. 



4. Leave the voltmeter in service for at 
least 24 hours. Remove the charts and reset the 
chart to be left on the voltmeters for further 
tests if required. 

5. Study removed charts. If voltage is cor- 
rect throughout the test period, make no further 
regulator adjustments. If voltage is uniformly 
too low or too high throughout the period, assume 
the line-drop compensator adjustment to be cor- 
rect, but make further adjustments of contact 
making voltmeters. If voltage is too high or too 
low during heavy or peak load periods, but is 
correct during normal or light periods, assume 
the contact-making voltmeters adjustment to be 
correct, but make further adjustments of the 
line-drop compensator. For overvoltage, change 
taps to decrease compensation; for undervoltage, 
change taps to increase compensation. Fre- 
quently, voltage conditions require further ad- 
justment on both contact making voltmeters and 
line-drop compensators. Most line-drop com- 
pensators have 24 1-volt steps across the re- 
sistance portion, and 24 1-volt steps across the 
reactance portion of the compensator. The num- 
bers on the contacts indicate the volts of com- 
pensation obtainable. For figure 3-17, for ex- 
ample, with the arms on 2R, 2X, lOX and lOR, 
12 volts (2+10) resistance and 12 volts (2+10) 
reactance compensation are obtained when the 
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Figure 3-19.— Cutaway view of a step 
voltage regulator. 

rated full-load current is flowing in the second- 
ary winding S U, 

6. As a guide in determining proportionate 
volts resistance and volts reactance compensa- 
tion needed, refer to resistance and reactance 
tables found inmost electrical engineering hand- 
books. For example, on a 1/0 copper conductor 
circuit having an equivalent distance of 18 inches 
between conductors, a selected table from an 
electrical engineering handbook shows resist- 
ance in ohms per 1,000 ft to be 0.1002, and the 
reactance to the neutral in ohms per 1,000 ft 
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Figure 3-20.— Schematic view of a step 
voltage regulator. 

of one conductor of single or 3 -phase circuit to 
be 0.1126 (ratio of 0.1002R to 0.1126X). There- 
fore, the circuit as indicated would need slightly 
more reactance compensation than resistance 
compensation. NOTE: For single-phase regu- 
lators on 3 -phase circuits, adjustments may vary 
for each regulator because of unbalanced load 
conditions, variations in conductor spacing, and 
other variables. 

7. After the charts have been studied and 
initial adjustments have been completed, leave 
the voltmeters in service for another 24-hour 
period. Study the charts for this second period 
and make further adjustments of regulator de- 
vices if necessary. 

8. Continue the procedure as outlined until 
a reasonably constant voltage at the load center 
is maintained. One or two adjustments usually 
give satisfactory results. Ordinarily, a range 
within plus and minus 10 percent is acceptable. 

9. For removing or replacing regulators and 
connections for single -phase regulators in var- 
ious combinations and circuits, refer to applic- 
able manufacturers' drawings. 



Putting Regulator Into Service 



Most regulator installations are provided 
with isolating and bypassing disconnecting 
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switches. The following procedure should be 
followed to place a regulator into service: 

1. Check the nameplate data against the re- 
quirements of voltage and current. If the sec- 
ondary has double current rating, connect the 
coils in series or multiple according to the 
capacity required. Tag the line and load sides 
of the regulator and operating motor for correct 
phase rotation. 

2. To deenergize the feeder, open the cir- 
cuit breaker at the switchboard controlling the 
feeder and regulator. Open the regulator iso- 
lating disconnects. If service must be main- 
tained, close the bypassing disconnect and then 
close the circuit breaker at the switchboard. 
Position the regulator properly to accommodate 
incoming and outgoing connections without cross- 
overs, and make the grounding connection first. 

3. Make certain that the case is grounded 
through a heavy copper connection to the ground 
bus. The surface at the grounding point on the 
regulator should be clean, and a positive con- 
nection should be made. 

4. For connections at regulators, refer to 
the diagram furnished with the apparatus. The 
corresponding primary and secondary coils must 
be connected to the same phase wires in the 
proper direction; otherwise, maximum regula- 
tion will not be secured, or the regulator will 
not function properly. Incorrect current direc- 
tion will increase losses and heating. When the 
regulator under load is turned from either full 
buck or boost to neutral, the primary current 
should decrease. If it increases, reverse the line 
and load conductors of the regulator. 

5. After the regulator is installed, make a 
thorough check of the connections. Then the iso- 
lating disconnects may be closed and the by- 
passing disconnect opened. 

Cutting Regulator Out of Service 

The following is recommended procedure for 
cutting regulator out of service: 

1. Deenergize the feeder as described in the 
previous section, and isolate the regulator com- 
pletely. If service on the feeder must be contin- 
ued, close the bypassing disconnecting switch 
and close the feeder circuit breaker at the 
switchboard. 

2. To disconnect the regulator, cut or open 
all circuit leads to the regulator, tagging them 
according to line and load sides. If necessary, 
trace the conductors back to the bus or other 
pointy making positive identification. 



Maintenance 

Inst ructions contained in this paragraph apply 
in general to induction regulators. Complete 
maintenance procedures are covered in manu- 
facturers' publications and should be followed in 
each instance. 

When work is done near a regulator on a live 
circuit, extreme care shall be used in guarding 
against certain hazards. Frequently, cables 
from the regulators are unprotected except for 
the cable insulation, which may be insufficient 
to protect a person in direct contact with it. If 
lubrication is necessary, the automatic control 
should be opened and tagged to prevent operation. 

Newer regulators have accessible oil cups 
and standard fittings to facilitate lubrication. 
Some outdoor regulators have a lamp placed in 
the top covering near the operating motor. This 
lamp is kept lighted during cold weather to pre- 
vent the oil in the motor bearings from con- 
gealing. In more modern equipment, strip 
heaters are installed to accomplish the same 
purpose and to maintain a dry atmosphere with- 
in the inclosure. Although the transformer oil 
in a regulator ordinarily does not need much 
attention, occasional inspection must be made 
for signs of leaks about the casing. The oil 
level should be checked regularly, either through 
a gage glass or through a hole in the inclosure. 
The oil must never be allowed to get below the 
bottom of the gage glass or below the tops of 
the windings. The following schedule for oiling 
is suggested: 

1. Lubricate the top bearings every month 
by oiling the felt ring around the shaft in the 
recess at the top. 

2. Lubricate the gear segment and worm with 
heavy grease every 6 months. 

3. Keep the oilcups on motor bearings and 
wormshaft bearings filled. A good grade of ball- 
bearing grease should be used for motors having 
greased ball bearings. 

4. Keep the grease cups filled on the rotary 
magnetic brake release (if used). 

5. Place a drop of oil occasionally on the 
wearing points of other types of electrical brake- 
release mechanisms. 

6. Be sure that the correct amount of oil is 
used. Any excess may be thrown on the brake- 
shoe, reducing brake effectiveness and causing 
the regulator to overrun. 
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Troubleshooting 

The following points require attention, either 
at times of regular inspection or when locating 
causes of trouble: 

If the regulator stalls or is sluggish in its 
operation, make the following checks and adjust 
If necessary: 

1. Worm or sector gears may have changed 
their positions on the shaft. Correct by read- 
justment of gears. 

2. Either the top or bottom bearing of the 
rotor shaft may be too tight. Dismantle the 
regulator for inspection and correction of the 
trouble. 

3. Foreign matter may have become jammed 
in the gears. 

4. The brake release may be inoperative, 
allowing the brake to drag continuously. 

If a fuse is blown and a 220-volt supply 
switch is in the circuit, open it and replace the 
fuse; after that, close the switches again. If the 
wiring to any one motor is short circuited, open 
the automatic control switch for that motor cir- 
cuit and leave it open when trouble is detected. 
The fuses may be blownbythe combined starting 
currents of a number of motors at periods of 
rapid load changing orvoltage disturbance on the 
bus. 

Every 6 months the position indicator should 
be checked as follows: 

1. Check all connections. 

2. Check the indicator for accuracy if it is 
used for setting the regulator position when 
paralleling circuits. 



3. Check signal lights (if provided) for maxi- 
mum buck and maximum boost indication. 

4. Check for automatic return to neutral 
position. 

Heating may be detected by feeling the temp- 
erature of the drive motor casing, particularily 
during periods of rapid load changing. Failure 
of the circuit voltmeter to hold at the correct 
value may indicate a stalled motor. Humming 
of the motor without proper speed of rotation 
may be caused by single-phase condition. In the 
case of old regulators, check the limit switch 
to see if one contact opens before the other. 

1. In some cases, the motor may move in 
jumps because of impulses of current when the 
relay switch makes contact; but it may move by 
jumps or Inch along to the extreme position In 
the wrong direction, failing to clear on the limit 
switch. 

2. If the motor overheats or acts sluggish, 
open the automatic control switch to prevent 
damage. Rotate the regulator by hand to detect 
mechanical trouble such as tight bearings, dry 
bearings, worm and sector gears binding, rotor 
binding or jammed against the limit stop, brake 
not releasing or too tight, or congealed oil in 
regulator motors outdoors. Low voltage or a 
single-phase condition of the supply circuit may 
cause sluggish action. 

CAUTION: Before rotating the regulator by 
hand, open the automatic control switch to pre- 
vent personal Injury that might result from the 
effort of the automatic controls to readjust 
voltage after changing voltage by hand operation. 
Any oiling or adjustment of the motor or gearing 
should be done only after automatic control has 
been removed. 
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CHAPTER 4 

TESTING EQUIPMENT 



After electrical generating plants, distribu- 
tion systems, communications systems, and 
other electrical apparatus and equipment have 
been constructed and put into operation, they 
must be tested, inspected, and maintained. 

In order to test, inspect and maintain elec- 
trical systems and equipment, you must know 
the principle and operating procedures of the 
various testing and measuring devices. These 
devices are used to test for grounds, opens, 
shorts, and to measure current, voltage, power 
resistance, frequency, etc. 

The purpose of these devices is to test 
and measure accurately certain circuit values 
or to determine the operating condition of the 
electrical circuits. The accuracy of these in- 
struments will depend on the type, sensitivity, 
useful range, and how they are treated. 



POWER TEST EQUIPMENT 

Four of the most commonly used electrical 
testing devices are the ohmmeter, voltmeter, 
ammeter, and the wattmeter. As you know, the 
ohmmeter measures the amount of resistance 
(ohms); voltmeter measures the amount of 
voltage (volts); the ammeter measures the 
amount of current flowing through a conductor 
(amperes); the wattmeter measures the amount 
of power being drawn by a piece of electrical 
device or apparatus (watts). 

The principles and theories of the various 
types of testing and measuring devices are 
explained In Basic Electricity , NavPers 10086-A 
and Construclion Electrician 3 & 2, NavPers 
1Q636-D; therefore, they will not be repeated in 
this text. 



DUCTER OHMMETER 

The ducter ohmmeter (fig. 4-1) Is a device 
that is primarily used to measure very low 
resistances (0 to 1 ohm) of bus and circuit 



breaker contacts. It is used to measure connec- 
tion and contact resistances. It Is a direct- 
reading ohmmeter of rugged construction pow- 
ered by its own source of low-voltage direct 
current. For convenience, this source of current 
can be three dry cells in parallel, except in the 
lowest ranges when a storage battery cell should 
be used. The ohmmeter is constructed in such a 
way that its reading Is independent of the applied 
voltage. 

The source of potential Is connected so that 
the current flows through the instrument In 
series with the circuit to be measured, and 
the voltage leads of the instrument are connected 
across the portion of the circuit to be measured 
(fig, 4-2). The ducter Is strictly a field instru- 
ment, being accurate only to about 1 percent. 
It Is convenient to use because no current- 
regulating devices are necessary, the current 
being whatever the circuit resistance will pass. 

In using the ducter ohmmeter to test an oil 
circuit breaker, the breaker Is deenerglzed 
and Isolated by disconnect switches. The breaker 
Is closed by manual control. A test made 
for foreign voltages (to assure that the breaker 
Is deenerglzed), should be followed by applica- 
tion of standard safety grounding. The ducter 
leads are then placed across the two risers 
of any one phase, preferably above the top 
connections to the bushings, as shown In figure 
4-3. Readings are obtained similarly for the 
other two phases. 

The following defects, not readily ascer- 
tained during overhaul, are typical of conditions 
that may be disclosed by the use of a ducter 
ohmmeter: 

1. Loose connections at tops of bushings 

2. Loose connection between central bushing 
study and bushing cap 

3. Loose sweated lugs and poor connections 
under taped joints 

4. Loose stationary contacts inside explo- 
sion chambers and grids 

5. Loose arcing contacts 

6. Oxidized contact surfaces 

7. Cracked bayonet clamps 
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RANGE SELECTOR SWITChI 
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PUSHBUTTON FOR USE 

ONLY ON RANGE 1 
(0 TO 100 MICROHMS) 



SCALE. READ DIRECTLY AND 
THEN MULTIPLY BY THE 
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PUSHBUnON TO 
RESET CUTOUT 



Figure 4-1.— Ducter ohmmeter (low resistance). 
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Figure 4-2.— Ducter testing with duplex helical handspikes. 
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Figure 4-3.-Ducter testing the contacts of a large circuit breaker 
inside high-voltage 
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8, Loose connections 
current transformers 

9. High-resistance connections on appara- 
tus 

Ducter ohmmeter tests should be made at 
least every 2 years in conjunction with power- 
factor tests. When testing low-voltage breakers 
(15-kv and lower) and readings exceed 5000 to 
10,000 microhms, the cause of the high readings 
should be investigated and corrected. 



MEGOHMMETER (MEGGER) 

The megger is a high-range, direct-reading 
ohmmeter for measuring insulation resistance. 
It is primarily used for detecting and diagnosing 
insulation weakness in electric equipment and 
conductors. 

The general procedure for testing substation 
transformers with a megger is as follows: 

1. Open the oil circuit breakers to deener- 
gize the transformer. 

2. Open the disconnect switches on both sides 
of the transformer or transformer bank. 

3. Check both sides of each transformer 
with a voltage detector. 

4. Apply ground sticks or ground cables 
to terminals on both sides of the transformer 
bank. 

CAUTION: Always connect one end of the 
grounding cable to ground first, then apply the 
other end of the grounding cable to the bus or 
metallic terminals of transformers. 



5. Place switching tags on open switches. 

6. Remove ground sticks to make insulation- 
resistance test. 

7. Test the high-voltage and low-voltage 
windings separately to ground, connecting the 
line terminals of the windings and the ground 
terminal of the instrument to the transformer 
case. 

8. Test between the high-voltage and the 
low-voltage windings. 

The test outlined above is an overall test 
and includes the transformer bushings and 
other equipment such as bus support insulators. 
If insulation-resistance values are 2000 meg- 
ohms or higher, no further tests are needed. If 
the values are below requirements, external 
leads should be disconnected and the insulation- 
resistance test repeated. If the second test 
shows resistance values as being still too low, 
oil samples should be taken to determine whether 
or not the low values may be due to deterioration 
of the oil. If this fails to locate the source or 
cause of low resistance values, there is no 
alternative except to remove the bushings and 
test the insulation of the coils and oil as a 
single homogeneous component. If the resistance 
is still too low, then the oil must be drained 
off and the source of trouble must be sought in 
the individual coils. 

In testing transformers with a megger, 
the test should be made during clear, dry 
weather. The temperature and relative humidity 
of the air and general atmospheric conditions 
should be recorded at the time tests are being 
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made, if known. Test records should be kept 
as they show when trouble is developing as a 
result of gradual or sudden deterioration of 
the insulation or because of local leakage. For 
example, a 40-megohm reading on the primary 
winding of a 24,000/2400-volt transformer that 
has been testing about 500 megohms indicates 
trouble that should be remedied. 



POWER CIRCUIT ANALYZER 

Power circuit analyzer or industrial analyzer 
(fig. 4-4) is designedfor alternating current only 
and should not be used on direct current. 

The analyzer consists of a voltmeter, am- 
meter, wattmeter, and a power factor meter 
(fig. 4-5), together with two current trans- 
formers and the necessary switches to facilitate 
the testing of three phase, three wire loads. 

Although the analyzer has been designed 
primarily for three phase, three wire loads it 
can be used for measurements on single phase 
and other polyphase circuits. 

Before connecting the analyzer, it is advisa- 
ble to set the voltage range changing switch 
to the 600 volt range unless the voltage to be 
measured is definitely known to be suitable for 
a lower range. 

When testing other than a balanced 3 phase 
3 wire load the indications of the power factor 
meter should be disregarded. 

The VOLTMETER is of the movable iron 
type having its series resistance divided with 
a part connected to each side of the line 
under test. 




24.29 

Figure 4-4.— A-C power circuit analyzer. 




POWER FACTOR 




AMPERES 



DIMENSIONS 18 7/8X10 7/8X6 7/8 

APPROXIMATE WEIGHT 32 LBS. 

ACTUAL SCALE LENGTH 3H 

Figure 4-5.— Scales of the power circuit analyzer. 

Its indications are correct to ±1 percent 
of the full scale on any range, at any temperature 
between 20"* and 40** C on any frequency from 25 
to 125 cycles per second and on ordinary 
commercial wave forms. 

The WATTMETER is of the electrodyna- 
mometer type, having two elements, designed 
for polyphase or single phase measurements. 

The indications of the wattmeter, together 
with the transformers contained in the analyzer, 
are correct to ±2 percent of the full scale value 
on any range, at any temperature between 0° and 
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50** C on any frequency from 25 to 125 cycles 
per second and on ordinary commercial wave 
forms. 

Multiplying (resistance) factors for the scale 
reading, depending on the current and potential 
ranges used, are to be found on the wattmeter 
scale. 

The POWER FACTOR METER is of the 
crossed coil electrodynamometer type designed 
for balanced three phase three wire loads. 

Its indications are correct to .01 PF when 
connected to a three phase three wire balanced 
load so that the phase rotation is A-B-C, at 
any temperature between 0** and 50*" C at any 
frequency from 25 to 125 cycles per second, 
and on ordinary commercial wave forms. This 
same accuracy is maintained when the current 
is within 20 to 125 percent of the normal 
rating; that is, 1 to 6.25 amperes on the low 
range, 5 to 31 amperes on the medium range, 
and 25 to 156 amperes on the high range. 

As mentioned previously, when the analyzer 
is connected to a single phase, two phase, or 
three phase four wire load the indications of 
the power factor meter should be disregarded. 

The AMMETER is of the movable iron 
vane type designed for use with the current 
transformers contained in the analyzer. 

The indications of the ammeter, together 
with the transformer contained in the analyzer, 
are correct within ±1 percent of the full scale 
value at any temperature 10** and 40° C at 
any frequency from 25 to 125 cycles per second 
and on ordinary commercial wave forms. 

Independent of the transformers, the am- 
meter has a full scale range of 1 ampere. The 
scale is expanded in the center and contracted 
at each end. This characteristic is useful for 
motor testing. 

CONNECTING ANALYZER TO CIRCUITS 

All cables used for connections to source 
or load should be of sufficient size to carry 
the currents involved and connected securely to 
the binding pots and the circuit terminals. 
For current up to 125 amperes use No. 2 cable; 
for currents up to 25 amperes use No. 12 cable; 
current up to 5 amperes use No. 16 cable. For 
more data pertaining to cables see table 4-1. 

The most convenient place to make connec- 
tions is at the fuse block, by using dummy 
fuses with cables attached (fig. 4-6). The 
cables connected to these dummy fuses may 



Table 4-1 .—Allowable Carrying Capacities of 
Copper Wires (Single conductor in free air) 



B. S. 

Gauge 


Area in 
Circular 
Mils 


Amperes 


14 


4,107 


20 


12 


6,530 


25 


10 


10,380 


40 


8 


16,510 


55 


6 


26,250 


80 


4 


41,740 


105 


3 


52,630 


120 


2 


66,370 


140 


1 


83,690 


165 


0 


105,500 


195 


00 


133,100 


225 


000 


167,800 


260 


0000 


211,600 


300 




250,000 


340 




300,000 


375 




350,000 


420 




400,000 


455 




500,000 


515 




600,000 


575 




700,000 


630 




800,000 


680 




900,000 


730 




1,000,000 


780 



61 



CONSTRUCTION ELECTRICIAN l&C 




VARIOUS TYPES OF CUT-OUT FUSES FOR MEASURING CURRENT 
WITHOUT INTERRUPTING SERVICE 




"DUMMY" CARTRIDGE FUSE IN USE 




be connected to the analyzer. When an inter- 
ruption to service will be inconvenient, it is 
only necessary to remove the good fuses from 
the cutout and insert the dummy fuses with 
cables attached. 

CAUTION: Disconnect the circuit by opening 
the main line switch before removing fuses and 
inserting dummy fuses. This may be done very 
quickly. This method is only a suggestion and 
may not always be practical. When using this 
method be certain that the circuit is protected 
by other fuses or circuit breakers as these 
dummy fuses remove the protection at that 
point. 



Testing Single Phase Loads 

The diagrams of connections shown in fig- 
ures 4-7, 4-8, and 4-9 may be used for all 
two wire circuits. 

Note in the figures mentioned above that a 
connection is made on the analyzer from the 
C to the A phase, by means of which both 
elements of the wattmeter are used. This is 
done to get as great a deflection of the watt- 
meter movement as possible. This is not essen- 
tial as the wattmeter readings are correct 
regardless of whether one or both elements 
are used. If only one element of the wattmeter 
is used, the divisor of two should be omitted. 

For single phase, three wire circuits the 
connections are the same as the three phase, 
three wire connections. 



Three Phase Three Wire Loads 

Figures 4-10 and 4-11 show the connections 
necessary for allthree phase, three wire testing. 
The readings of the wattmeter are correct 
regardless of unbalance or power factor of the 
load. The readings of the power factor meter 
are correct for any current down to 1/5 of 
the full scale value. 



Three Phase Four Wire Loads 

As mentioned earlier, the analyzer was 
designed primarily for three phase, three 
wire loads; therefore, when three phase four 
wire loads are to be analyzed certain limitations 
are to be expected. 

1. The power factor meter has been designed 
for balanced three phase, three wire loads. Its 
readings on three phase four wire loads should 
be disregarded. 

2. The voltmeter readings will be "line to 
neutral" and "line to line" voltages depending 
upon position of voltage selector switch. 

3. External current transformers must 
ALWAYS be used. (See fig. 4-12.) 

If the three phase four wire load is bal- 
anced, with no current in the neutral wire, it 
may be treated as outlined for a three phase 
three wire load and the above limitations 
should be disregarded. 

Regardless of the balance each phase may 
be treated as a single phase load and tested 
accordingly. 
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In using the external current transformers, 
they should have the same ranges as the trans- 
formers contained in the analyzer, that is 125, 
25, or 5 amperes. 

The readings of the voltmeter, using proper 
range and scale, represent the following: 

With switch at AB, the voltage from line 
A to neutral. 

With switch at BC, the voltage from line 
C to neutral. 

With switch at AC, the voltage from line 
A to line C. 

The wattmeter readings must be corrected 
by the multiplying factors found on the watt- 
meter scale. 

When external potential transformers are 
used, as shown in figure 4-13, the readings of 
the voltmeter and wattmeter should be multiplied 
by the potential transformer ratio in addition to 
the above. 

When currents to be measured are beyond 
the range of the internal current transformers 
the connections shown in figure 4-14 should be 
used. 

The readings of the voltmeter, using proper 
range and scale, represent the following: 

With switch at AB, the voltage from line 
A to neutral. 

With switch at BC, the voltage from line 
C to neutral. 

With switch at AC, the voltage from line 
A to line C. 

The wattmeter readings must be corrected 
by the multiplying factors found on the wattmeter 
scale and the external current transformer 
ratios. 

Potential connections from lines A and Care 
connected to the disconnect block binding posts, 
with the block mounted with the binding posts up. 

When external potential transformers are 
used, as shown in figure 4-15, the readings of 
the voltmeter andwattmeter should be multiplied 
by the potential transformer ratio in addition to 
the above. 



TRANSFORMER POLARITY TESTS 

Polarity has to do only with the plan or 
arrangement of leads coming out of a trans- 
former case. Interchanging the positions of the 
leads coming out of the case will affect the 
polarity of the transformer. 

On a transformer wound with additive polar- 
ity, where one primary lead is connected to a 



secondary lead on the same side of the case as 
shown in figure 4-16, the voltage in the two 
windings is additive; that is, the sum of the 
applied and secondary voltages will be indicated 
on a voltmeter connected across and H2- 
On a transformer wound with subtractive polar- 
ity, the indication on the voltmeter will be the 
difference of the applied and secondary voltages. 

Polarity may be determined, for example, 
by applying 120 volts to the high- voltage side of 
a 10 to 1 ratio transformer. Referring to figure 
4-16, Vg or the secondary voltage would equal 
12 volts. With an additive polarity transformer, 
a voltmeter across Xj and H2 should read Vp 
plus V or 120 plus 12, which equals 132 volts. 
With subtractive polarity transformer, a volt- 
meter across Xi and H2 would read 120 minus 
12 or 108 volts. 

CAUTION: When making such tests, the 
voltage must not be applied across the secondary 
side of the transformer because the primary 
voltage would be equal to the applied secondary 
voltage times the transformer ratio. This voltage 
would be dangerously high to personnel and would 
burn out the voltmeter. Figure 4-17A and B 
illustrates two practical methods for testing 
polarity. 

COMMUNICATIONS TEST EQUIPMENT 

There are various testing instruments used 
for checking out communication circuit and 
equipment. However, in this section we will dis- 
cuss the portable WHEATSTONE BRIDGE and 
the CABLE REPAIRMAN'S test set. 

WHEATSTONE BRIDGE 

The Wheatstone Bridge (fig. 4- 18 A) is used to 
accurately measure the resistance of electrical 
circuits. The basic bridge has 4 arms (A, B, R, 
and X), A battery energizes the bridge via SI. 
A central zerogalvanometer is connected across 
opposite corners of the bridge via S2 to indicate 
when the bridge is balanced. The ratio arms are 
A and B. The variable resistance arm is R. The 
unknown resistance is X. When the bridge is 
balanced, the voltage across A is equal to the 
voltage across B and 

Knowing A/'B, and R and substituting in the 
equation you will find the value of the unknown 
resistance X. 
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Figure 4-7,— Single phase, two wire circuit, both elements of wattmeter in series. 
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NOMENCLATURE - FIGURE 4-7 

A, SINGLE PHASE, 2 WIRE CIRCUIT, both elements of wattmeter in series. 
Read voltage AB, current A, apply the wattmeter multiplier as found on 
the wattmeter scale and then divide by 2. Disregard the power factor 
indication. 

B. SINGLE PHASE, 2-WIRE CIRCUIT using a single current transformer 
and with two current elements in series, read voltage AB and current A 
using 5 ampere scale and applying transformer multiplier. Divide kilowatt 
reading on 5 ampere and corresponding voltage scale by 2; then apply 
transformer multiplier. Disregard power factor indication. 
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SINGLE PHASE, 2.WIRE CIRCUIT using a 
current transformer and a potential trans- 
former, the current elements of the analyzer in 
series, read voltage AB using 150 volt range and 
scale, multiply by potential transformer ratio, 
current A using 5 ampere scale and applying 
current transformer ratio. Read kilowatts on 
scale corresponding to 5 amperes and 150 volts 
then divide by 2 and multiply by current and 
potential transformer ratios. 

Figure 4-8.— Single phase, two wire circuit 
using a current transformer and 
a potential transformer. 



SINGLE PHASE, 2.WIRE CIRCUIT using a 
potential transformer and direct connected for 
the current circuits with the current elements in 
series. Read voltage AB using 150 volt scale and 
range, multiply by transformer ratio. Read 
kilowatts on scale corresponding to 150 volts 
and current range selected, divide by 2 and 
multiply by the potential transformer ratio. 
Read current A using scale corresponding to 
range selected. 

Figure 4-9.— Single phase, 2 wire circuit using 
potential transformer and with 
current elements in series. 
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Figure 4-10.— Three phase, three wire circuit, diagram A, B, and C. 
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NOMENCLATURE - FIGURE 4-10 

A. 3 PHASE, 3 WIRE CIRCUIT direct. Read voltage across phases as desired as 
well as current in any phase. Apply multiplier as given on wattmeter scale 
to reading as necessary for voltage and current range used. Read power 
factor direct. 

B. 3- PHASE, 3-WIRE CIRCUIT with two current transformers. Read voltage 
across phases as desired and current in any wire, applying transformer 
multiplier to 5 ampere scale on ammeter. Apply transformer multiplier to 
wattmeter, also multiplying by multiplier of 1, 2 or 4, depending upon voltage 
range as indicated on wattmeter scale. Read power factor direct. 

C. 3-PHASE, 3-WIRE CIRCUIT using both current and potential transformers. 
Read voltage across phases as desired applying potential transformer 
multiplier to 150 volt scale to which the voltage range switch should be set. 
Read ammeter in any phase applying current transformer multiplier to 
5 ampere scale. Read polyphase wattmeter on 1 kilowatt scale and apply 
both current and potential transformer multipliers. Read power factor direct. 




o oo O 6 o o 6 O O 



□ □□ 




UJ 

q: 
z> 

O p 



m 



^ oo u o o ^ 6o6 



□ □ 



< 
o 



3-PHASE, 3-WIRE CIRCUIT with two potential 
transformers. Read voltage across phase as de- 
sired, use 150 volt range and apply potential 
transformer ratio. Read ammeter in any phase 
direct for range selected. Read wattmeter scale, 
use multiplying factor for current and potential 
ranges selected, then multiply by potential 
transformer ratio. 

Figure 4-11.— Three phase, three wire circuit 
with two potential transformers. 



3-PHASE, 4-WIRE CIRCUIT. Two identical 
current transformers of suitable range having 
5 ampere secondaries are connected in the "B'' 
phase as shown. 

^ 26.37 

Figure 4-12.— Three phase, four wire circuit 
having two identical current 
transformers. 
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3.PHASE, 4-WIRE CIRCUIT. Two potential 
transformers having 115 volt secondaries, con- 
nected from neutral to lines "A" and ''C". 
Two current transformers of suitable range 
having 5 ampere secondaries. 

26.38 

Figure 4-13.— Three phase, four wire circuit 
with two potential transformers. 
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3 -PHASE, 4-WIRE CIRCUIT. Two potential 
transformers of suitable range having 115 volt 
secondaries connected from neutral to lines 
''A" and "C". Three current transformers 
of suitable range having 5 amperes secondar- 
ies connected in delta. 

34.40 

Figure 4-15.— Three phase, four wire circuit 
connected to three current trans- 
formers. 
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3-PHASE, 4-WIRE CIRCUIT. Potential direct 
connected. Three current transformers of suit- 
able range having 5 ampere secondaries delta 
connected. 
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Figure 4-14.— Three phase, four wire circuit Figure 4- 16. -Polarity test example for additive 
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with potential directly connected. 



polarity. 
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Figure 4-17,— More practical methods for test- 
ing polarity. 



A. Voltage measured from A to D is greater 
than voltage from A to B if polarity markings 
are correct. 

B. Voltage measured across two unmarked 
terminals equals zero if polarity markings 
are correct. Otherwise, measured voltage 
is twice normal secondary voltage. 

The Wheatstone bridge (fig. 4-18, B and C) 
may be used to measure the resistance (Res) 
of a pair of wires in a telephone cable. It may 
also be used to locate the distance to a fault 
(ground) in the cable by either of two methods, 
the Varley (Var) loop test or the Murray (Mur) 
loop test. 

Before using the Wheatstone bridge, it is 
important that you place it on a level surface 

as near as practicable to the test point, then 
make the following operational test: 



a. GA switch to RVM. 

b. RES -VAR- MUR switch to RES, 

c. MULTIPLY BY dial to 1/1. 

d. Units, hundreds and thousands decade 
dials to 0. 

e. Tens decade dial to 5. 

2, Connect a jumper across line binding 
posts XI and X2. 

3. Press the GA SENS .01 switch and release 
it immediately. If the pointer of the galvanometer 
deflects to the left(— ) and returns to zero, the 
test set is ready for use. If the pointer deflects 
to the right (-♦-), reversethepolarity of the power 
source. If the pointer does not deflect in either 
direction, the test set is faulty and maintenance 
is required. 



MEASUREMENT OF UNKNOWN RESISTANCE 

To measure the resistance of a loop (two 
lengths of wire joined at the distant end) or 
any electrical component (such as resistors 
and transformers) do the following: 

1. Galvanometer adjustment. Adjust the gal- 
vanometer by sliding the pointer lock toward 
the meter scale asfar as it willgo. If the pointer 
does not balance at the center of the scale, 
loosen the galvanometer screw, adjust the 
zeroing knob until the pointer balances at 
the center of the scale, and tighten the galvanom- 
eter screw. 

2. Position the test set controls as follows: 

a. GA switch to RVM. 

b. RES- VAR- MUR switch to RES. 

c. Make as close an estimate as possible 
of the resistance to be measured and 
set the MULTIPLY BY dial as indi- 
cated in table 4-2. 

3. Make the following connections: 

a. If the resistance of a loop is to be 
measured, disconnect all equipment from the 
near end of the loop and connect one wire of 
the loop to line binding post XI and the other 
wire to line binding post X2 (fig. 4-19). Be sure 
that the wires connected to the test set are clean 
and are firmly secured to the binding posts. Have 
all equipment disconnected from the far end of 
the loop and a short placed across the circuit at 

that end. If the resistance of an electrical com- 
ponent is to be measured, connect the compo- 
nent across line binding posts XI and X2. 
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A. Basic bridge circuit. B. Operating controls. C. Schematic 
Figure 4-18.— Wheatstone Bridge. 
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Table 4-2, Multiply By Dial Setting When 
Measuring Resistance. 



Estimated Resistance 
(ohms) 


Multiply By 
Dial Setting 


Below 10 


1 

l600 


10 to 100 


1 

100 


100 to 1000 


1 

10 


1000 to 10,000 


1 
1 


10,000 to 100,000 


10 

1 


100,000 to 1,011,000 


100 

1 




24.44 

Figure 4-19.— Connection for measurement of 
loop resistance. 



4. To balance the bridge, position the thous- 
ands, hundreds, tens and units decade dials to 
settings that total the estimated resistance to be 
measured divided by the setting of the 
MULTIPLY BY dial. 

EXAMPLE: If the estimated resistance tob. 
measured is 500 ohms, the setting of the MULTI- 
PLY BY dial must be 1/10 (table 4-3); therefore 
the positions of the decade dials must total 5000. 

Estimated resistance to be measured _ 500 _ 
Setting of MULTIPLY BY diarvTo"^^ 

Press the GA SENS .01 switch and note the 
direction of movement of the galvanometer 



pointer. If it moves to the right, increase the 
resistance total of the decade dials until it does 
not move from zero when the GA SENS 0.1 switch 
is pressed. If the pointer moves to the left, 
decrease the resistance total of the decade dials. 
Repeat the above procedure, using the GASENS.l 
and then the GA SENS 1 switches. The test pro- 
cedure is completed when the GA SENS 1 switch 
is pressed and the pointer does not move in 
either direction. Under these conditions, the 
bridge circuit in the test set is said to be 
balanced. 

5. To determine the resistance, take the sum 
of the decade dial settings multiplied by the 
setting of the MULTIPLY BY diaL 

EXAMPLE: If the bridge is balanced when the 
sum of the decade dial settings is 5137 and the 
MULTIPLY BY dial is set at 1/ 10, the resistance 
connected across the line binding posts is 5137 
X 1/10 or 513.7 ohms (decimal point moved one 
place to the left). If the MULTIPLY BY dial is 
set at 1/100, move the decimal point two places 
to the left (51.37 ohms); for 1/1000, move the 
decimal point three places to the left (5.137 
ohms). For 10/1, add one zero to the reading 
(51,370 ohms) and for 100/1, add two zeros 
(513,700 ohms). 



REGULAR VARLEY LCXDP TEST 

The regular Varley loop test (fig. 4-20) is 
used to locate a ground in a high -resistance 
loop when the unbalance (difference in resistance 
between the faulty and good wires) does not 
exceed 1 ohm. The regular Varley method 
requires the use of one good wire between the 
test point and the far end of the circuit. 

Locate the ground as follows: 

1. Adjust the galvanometer and remove all 
equipment from both ends of the faulty circuit. 

2. Measure and record the loop resistance, 
r. In this example assume r = 5525 ohms. 

3. Position the test set controls as follows: 

a. Ga switch to RVM 

b. RES- VAR-MUR switch to VAR 

c. MULTIPLY BY dial to 1/4 

4. Make the following connections: 

a. Connect the ground binding post to 
a good ground connection (fig. 4-20). 
This will be the cable sheath since the 
fault is assumed to be in lead covered 
cable. 
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24.45 

Figure 4-20.— Connections for ground location, 
regular Varley and Murray loop 
tests* 

b. Connect the grounded wire to line 
binding post X2. 

c. Connect the ungrounded wire to line 
binding post XI. 

d. Have a short placed across the far end 
of the grounded circuit (fig. 4-20). 

5. Adjust the decade dials to balance the 
bridge and record the sum of the decade dials, 
R. In this example assume R = 9560 ohms. 

6. Compute the resistance from test point 
to ground fault (fig. 4-21, A) using the following 
formula: 

Y _ rB-AR 
^ A + B 




a. In this example r = 5525 ohms 

A/B = 1/4 
A= 1 
B = 4 

R = 9560 ohms 

Substituting these values in the formula 

_ 5525x4-1x9560 
1 + 4 

_ 22.100-9560 
5 

= 1^540 = 2508 ohms 

b. Compute the resistance from the 
far end to the ground fault using the 
formula, 

A(RH-Rb)-BRg 
^b = aTb 

In this example A = 1, B= 4, Rjj = Rg = 
r/2 = 5525/2 = 2762.5 ohms and 
R = 9560 ohms. 

Substituting these values in the above 
formula: 

. _ 1(9560+2762. 5)-4x2762. 5 
b " 1 + 4 

12,322.5-11,050 
= 5 
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1272.5 



= 254.5 ohms 



7. Compute the distance d^ from the test 
set to the fault using the formula: 
X^ 



«i 1/2 resistance per loop mile 



A. Varley loop test. 

B. Murray loop test. 



76.46 



Figure 4-21.— Simplified schematics for locating 
grounds. 



where resistance per loop mile 

r 

distance from test set to far end 

In this example r = 5525 ohms, and dis- 
tance from test set to far end = 65 miles 
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5525 

Resistance per loop mile = =85 

ohms 65 

= 2508 ohms. 

Substituting these values in the above 
formula: 



2508 
a 1/2x85 



2508 

= 59.01 miles from test set to ground fault. 

Compute the distance d^ in miles from the 
far end to the ground fault using the form- 
ula: 



1/2 resistance per loop mile 



In this example = 254.5 ohms (from 6b 
above) and the resistance per loop mile is 
85 ohms (from 7). Substituting these 
values in the above formula and solving 
for d. 



d^ = 



254.5 



b "1/2x85 



254.5 
42.5 



= 5.99 miles 



8. Make a check on your work as follows: 

a. Reverse the wires connected to XI and 
X2 of figure 4-20. 

b. Adjust the decade dials to balance the 
bridge and record the sum, R2, of the 
decade dials. Use the following formu- 
la to determine the resistance X^from 
the test point to the ground: 



Xa = 



A(R2-Kr) 



In this example = 7015 ohms. 

A - 1, B = 4, r = 5525 ohms 



Substituting these values in the above 
formula and solving for X^, 

lx(701 5^5525) 
1 + 4 



12 540 

— ^ = 2508 ohms (same as 6a) 



4-20 



line 



MURRAY LOOP TEST FOR LOCATING A 

GROUND 

To use the Murray loop test for locating a 
ground a good wire should be available (fig. 4-20) 
in addition to the grounded wire. Remove all 
equipment from both ends of the circuit and 
locate the fault as follows: 

1. Adjust the galvanometer, 

2. Position the test set controls as follows: 

a. GA switch to RVM 

b. RES-VAR-MUR switch to MUR 
C. MULTIPLY BY dial to MIOOO. 

3. Make the following connections (fig. 
and 4-21B): 

a. Connect the grounded wire to 
binding post X2. 

b. Connect the good wire to line binding 
post Xj, 

c. Connect the ground binding post to a 
good ground (cable sheath). 

d. Have a short placed across the far 
ends of the wires connected to line 
binding posts X| and Xg. 

4. Balance the bridge and record the decade 
dial reading. 

In this example the bridge is balanced with the 
MULTIPLY BY dial set at M = 1000 and the total 
decade dial reading, R = 600 ohms. 

5. Use the direct computation method by 
solving for the distance da from the test point 
to the fault using the formula 

. RxL 
a -R+A 

a. In this example R - 600, L = total 
length of loop = 8 miles and A = 
1000 = MULTIPLY BY dial reading. 
Substituting these values in above 
formula: 

. 600x8 
a - 600-hlOOO 



4800 
1600 



= 3 mil-es 
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b. Use the resistance -distance method 
of computing the distance, da, from the 
test point to the fault as follows: 

(1) Measure and record the loop re- 
sistance of the faulty circuit. In 
this example the loop resistance, 
r, is measured and found to be 
370.4 ohms. 

(2) Use the following formula to com- 
pute the resistance, X^, (fig. 
4-21B) from the test point to the 
fault. 

Rxr 

a " R+A 

In this example R = 600 ohms, 

r = 370.4 ohms and A = 1000. 

Substituting these values in the 

above formula and solving for X , 

a 

„ _ 600x370,4 
- 600-hlOOO 

= 138.9 ohms 

(3) Use the following formula to com- 
pute the distance, d^, from the 
test point to the fault: 



a 1/2 resistance per loop mile 



(4) To make a check test, reverse 
the wires connected to line bind- 
ing posts Xj and Xg (fig. 4-20) 
balance the bridge and use the 
following formula to determine the 
resistance, X^, from the test 
point to the fault. (The computed 
resistance should be the same 
value as in 5b (2) above). 

Y - Axr 

In this example, = 1666 ohms 
and r = 370.4 ohms. Substituting 
these values in the above formula 
and solving for X^r 

_ 100x370.4 
-^a - 1000-^1666 

370,400 
" 2666 

= 138.9 ohms (same as in 5b 
(2)). above). 



PREVENTIVE MAINTENANCE 



where the resistance per loop miles 



distance from test point to far end 

In this example r= 370.4 ohms 
total resistance of loop and the 
distance from the test point to 
the far end is 4 miles. The 
resistance per loop mile = 

= 92.6 ohms. Substi- 

4 

tuting these values in the above 
formula 

H 138.9 
°a - 1/2x92.6 



^ 138.9 
"46.3 

5a above) 



= 3 miles (same as 



The Wheatstone bridge like most meters 
should be inspected, cleaned, and tested at least 
once a year. However, if the test set is used 
often it may be necessary to inspect and clean 
it more often. 

In order to perform preventive maintenance 
you should remove the screw in each corner 
of the panel and lift the panel from the carry- 
ing case to permit inspection and cleaning of 
the test set interior. Examine the contact sur- 
face of the five dial switches carefully. If dirty, 
wipe the surfaces clean with a cloth slightly 
moistened with cleaning compound and wipe dry. 
Apply a light coat of petroleum on the switch 
contact surfaces, and wipe the surfaces slightly 
with a clean cloth to leave a very thin film 
of lubricant on the surfaces. Replace the panel 
in the carrying case and check for normal ope ra- 
tion. 

WARNING: Cleaning compound is flammable 
and its fumes are toxic. Do not use near a flame 
and be sure adequate ventilation is provided. 



74 



Chapter 4-TESTrNG EQUIPMENT 



CABLE REPAIRMAN'S TEST SET 

The cable repairman's test set (fig. 4-22) is 
used to pinpoint the location of cable faults after 
the approximate location of the fault has been 
obtained by the use of the Wheatstone bridge or 
some other method. The test set can be used to 
locate shorts, grounds, crosses, split pairs, wet 
spots^ and similar troubles in a cable. IT 
CANNOT BE USED TO LOCATE OPEN CIR- 
CUITS. 




26.47 

Figure 4-22.— Cable repairman's test set (1-51). 

The test set includes a tone unit, an exploring 
coil equipped with three jacks, and a telephone 
receiver equipped with a cord and plug for con- 
nection to the exploring coil packs. The tone unit 
has a switch for selecting steady or interrupted 
tone and a set of terminals for connecting the tone 
unit to the faulty conductors. These units are 
housed in a carrying case which is provided 
with an adjustable carrying strap. The inside 
of the carrying case is divided into three com- 
partments: one for the tone unit, one for the 
batteries, and one for storing the exploring coil 
and the receiver. In addition to the components 
supplied with the test set, it is necessary to have 
4 (BA-23) batteries to furnish the required 



6 volts, two alligator clips and approximately 10 
feet of two- conductor cable required to assemble 
the test cord. 



OPERATING PROCEDURES 

Before you proceed to use the test set, you 
should first obtain information from the central 
office personnel on the type of cable fault, the 
resistance of the faulty conductors, and the 
aproximate location of the fault. 

LOCATION OF GROUNDS 

In locating grounds with the test set you 
will proceed in the following manner: 

1. Connect the alligator clip of one output 
terminal (binding posts) of the test set to the 
cable sheath and the other to the grounded 
conductor (fig. 4-24). 

NOTE: The other end of the test cord is 
connected to the output terminals (binding posts) 
of the test set. Use binding posts 3 and 4 for 
cable faults having a resistance of less than 100 
ohms between the point where the tone is ap- 
plied and the probable locationof the trouble. Use 
binding posts 3 and 5 for cable faults having a 
resistance of 100 ohms or more. (Regardless 
of how much resistance on the fault, binding 
post 3 is always used.) (See fig. 4-23.) 



BATTERY 
COMPARTM£MT 



BIMDIHC 
POSTS 




CARRYING 



STORAGE SPACE FOR 
. TELEPHONE RECEIVER 
KHO EXPLORIWO COIL 



. CARRYING 
CASE 



'^SWITCH BATTERY 
NOTE. (SEE NOTE I) 

1. SWITCH POSITION 1 PROVIDES INTERRUPTED TOME. 
SWITCH POSITION} PROVIDES STEADY TONE 

2. CONNECT TO BINDING POST 4 OR 5 AS REQUIRED 
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Figure 4-23.— Test set, top view with cover open. 

2. Set the tone switch to position 1 (fig. 
4-24). 

3. At the approximate location of the fault, 
place the telephone receiver in position over one 
ear and hold the exploring coil parallel to the 
cable as shown in figure 4-25. Be sure that the 
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SHEATH 

26.49 

Figure 4-24.— Connections for locating grounds. 

r EXPLORING COIL 
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Figure 4-25.— Position of exploring coil for lo- 
cating grounds, shorts, or split 
pairs. 

telephone receiver plug is inserted into the G 
and C Jacks of the e^loring coil. 

4. While listening with the receiver, move 
the exploring coil along the cable toward the fault 
until the tone disappears or the volume of the 
tone is markedly decreased, which indicates the 
exact location of the fault. 

NOTE: In high resistance faults, the tone 
will not disappear when the fault is passed 
because of a carry-over effect of the line capaci- 
tance. In some cases, the change in volume is 
so slight that an absolute location of the fault is 
uncertain. In such cases, place a chalk mark at 
the approximate location, then transfer the test 
set to the other end of the cable, and repeat 
the steps given above. 



LOCATION OF SHORTS 

A short circuit is caused by an insulation 
breakdown between the two conductors of a pair 



allowing the two wires to touch each other. A 
high resistance short may occur if moisture 
enters the cable sheath and reduces the insula- 
tion resistance between the two wires of the 
pair to the point where the conductors cannot 
be used efficiently. 

In locating shorts with the cable repairman's 
test set you will proceed in the following manner: 

1. Connect the alligator clip of one output 
terminal of the test set to the cable sheath and 
the other to the grounded conductor. (See note 
under 1, Location of Grounds.) 

2. Set the tone switch to position 2. 

3. At the approximate location of the fault, 
place the telephone receiver plug in position over 
one ear and hold the exploring coil parallel to the 
cable as shown in figure 4-25. Be sure ttiat the 
telephone receiver plug is inserted in S and C 
jacks of the exploring coil. 

4. While listening with the receiver, move 
the exploring coil along the cable toward the 
fault. The tone will decrease and increase in 
volume as the coil is moved along the cable. This 
is called the short-circuited effect. When the 
coil is moved over the fault, the tone either 
will decrease considerably in volume or disap- 
pear entirely. 

NOTE: If uncertain of the exact location, then 
transfer the test set to the other end of the 
cable and repeat the steps given above. (Con- 
nections for locating shorts shown in fig. 4-26.) 
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Figure 4-26.— Connection for locating shorts. 
LOCATION OF CROSSES 

A cross is essentially the same as a short 
except that the contact is between conductors 
from two different pairs. 

To locate crossed wires you will proceed 
in the following manner: 

1. Connect the alligator clips of the output 
terminal to the crossed conductors. (See note 
under 1, Location of Grounds.) 
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2. Set the tone switch to position 1. 

3. At the approximate location of the fault, 
place the telephone receiver in position over one 
ear and hold the exploring coil at a right angle 
to the cable as shown in figure 4-27. Be sure 
that the telephone receiver plug is inserted into 
the S and C Jacks of the exploring coil. 



EXPLORING COIL 
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Figure 4-27.— Position of exploring coil for 
locating crosses and wet spots. 

4. While listening with the receiver, move 
the exploring coil along the cable toward the 
fault until the tone fades out or is reduced 
considerably in volume. The steady volume tone 
heard while tracing crossed wires is known as 
the crossed-wires effect. (Connections for lo- 
cating crossed wires is shown in fig. 4-28.) 

NOTE: If uncertain of the exact location of 
the fault, place a chalk mark at the approximate 
location, then transfer the test set to the other 
end of the cable and repeat the steps given above. 
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Fig. 4-28.— Connections for locating crossed 
wires. 

LOCATION OF SPLIT PAIRS 

A split pair is caused by splicing error in 
which one wire of apair is connected to one wire 
of another pair. 



In locating a split pair you will proceed in the 
following manner: 

1. Strap the four wires of the two split 
pairs together at the far end of the cable. 

2. Connect the alligator clips of the output 
terminals to one of the split pairs. (See NOTE 
under 1, Location of Grounds.) 

3. Set the tone switch to position 2. 

4. At the approximate location of the fault, 
place the telephone receiver in position over 
one ear and hold the exploring coil parallel to 
the cable as shown in figure 4-25. 

5. While listening with the receiver, move 
the exploring coil along the cable toward the 
fault. The tone will increase and decrease in 
volume (short-circuit effect) up to the location 
of the fault and, thereafter, will be steady in 
volume (crossed-wires effect). (Connection for 
locating split pairs is shown in fig. 4-29.) 



SHORT-CIRCUIT CPFECT | CROSJEO-WIHC J CPFKCT 




Figure 4-29.— Connections for locating split 
pairs. 



6. To ensure accurate location of the fault, 
mark the cable at the location found in 5 above, 
and then use the alternative method of locating 
split pairs as a check. 



ALTERNATIVE METHOD OF LOCATING 
SPLIT PAIRS 

1. Connect the alligator clips of the output 
terminals of the test set to one wire of one of 
the split (strapped at the far end of the cable) and 
to one wire of the other pair as shown in 
figure 4-30. 

TOMB UNIT 



OCTECT i. DETECT 

CROSSED-WIRES EFFECT | SHORT-CIRCUIT EFFECT 




Figure 4-30.— Alternative connections for locat- 
ing split pairs. 
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2. Set the tone switch to position 2. 

3, While listening with the receiver, move 
the exploring coil along the cable toward the fault. 
The tone will be steady in volume (crossed- wire 
effect) until the fault is reached; thereafter the 
tone will increase and decrease in volume 
(short- circuit effect). 

NOTE: It is possible to connect the test 
set in such a manner that the short-circuit effect 
will not be detected. If this happens, reconnect 
one of the test leads to the other wire of the pair 
to which it is connected. The short-circuit 
effect now should be heard as described above. 



LOCATION OF WET SPOTS 

Normally a wet spot in a cable is caused by 
an opening in the cable sheath. In aerial cables, 
this opening can be caused by squirrels chewing 
on the cable sheathor by tree limbs, cable rings, 
or cable lashing wire rubbingagainst the sheath. 
In underground cables, an opening in the sheath 
normally is caused by soil erosion or elec- 
trolysis. When opening appears in the sheath, 
moisture eventually enters the cable and forms a 
combination of grounds, short circuits, and 
crosses. 

In locating wet spots with the test set, you 
will proceed in the following manner: 

1. Connect the alligator clips of the output 
terminals to each group of strapped wires 
(fig. 4-31). 

2. Set the tone switch to position 1. 

3. At the approximate location of the fault 
place the telephone receiver in position over one 
ear and hold the exploring coil at right angles 
to the cable as shown in figure 4-27. Be sure 
that the telephone receiver plug is inserted into 
the S and C jacks of the exploring coil. 
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Figure 4-31. -Connections for locating wet 
spots. 



4. While listening with the receiver, move 
the exploring coil along the cable toward the 
fault. A steady tone will be heard up to the 
location of the fault and, thereafter, the tone 
either will decrease considerably in volume or 
disappear entirely. 

5. To ensure accurate location of the fault, 
mark the cable at the location found in 4 above, 
and use the alternative method of locating wet 
spots as a check. 



ALTERNATIVE METHOD FOR LOCATING WET 
SPOTS 

1. Strap together one group of wires which 
has a low resistance to ground. 

2. Connect the alligator clip of one output 
terminal of tlie test set to the cable sheath 
and the other to the strapped group of wires 
(1 above). 

3. Leave the tone switch set to position 1. 

4. At the approximate location of the fault, 
place the telephone receiver in position over 
one ear and hold the exploring coil parallel 
to the cable as shown in figure 4-25. Be sure 
that the telephone receiver plug is inserted into 
the G and C jacks of the exploring coil. 

5. While listening with the receiver, move 
the exploring coil along the cable toward the fault 
until the tone disappears or the volume of the 
tone is markedly decreased, which indicates 
the exact location of the fault. 



LOCATION OF BURIED CABLE 

It sometimes becomes necessary to trace the 
path of a buried cable, the location of which is 
not known. Also, when there is trouble in a 
buried cable, much excavation may be avoided if 
the exact location ofthe cable can be determined. 
Only the tracing methods directly applicable to 
buried cable are discussed in this section. 

In conjunction with the cable repairman's 
test set 1-51 , the following items of equipment are 
required for tracing buried cable: 
Amplifier . . . BC-1388 

Coil Bicycle wheel exploring coil 

No. 46 induction coil 
Receivers . . . Two No. 716-D receivers 
equipped with a WECo R2CF 
cord and a WECo 11 A head- 
band. 

Rods Two ground rods, GP-26 
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The exploring coil is not available as a stand- 
ard item, but can be constructed locally as 
follows: 

Wind approximately 300 turns of No. 24- 
gage double cotton- covered copper wire in the 
groove of a wooden bicycle rim with a diameter 
of 24 or 26 inches. Then bring the two ends of 
the windings through two small holes drilled 
about 1/2 inch apart in the side of the rim. 
Wrap a layer of rubber tape and then a layer 
of friction tape in the reverse direction over the 
rim and wire, bringing the ends of the wire out 
of the coil between the layer of the tapes. Ter- 
minate the ends of the winding by soldering them 
to binding posts mounted in a small insulating 
strip. A piece of hard rubber 3/16 inch by 3/4 
inch by 2 1/2 inches will serve satisfactorily as 
the strip. Apply two coats of asphalt paint to 
the entire coil. Then fasten the terminal strip 
to the inside of the wood rim. 

In an emergency any fine -gage insulated wire 
wound into a coil about 2 feet in diameter can 
be used in place of the coil described above. 

Under some conditions, the pick-up of the 
exploring coil will be sufficient to give a suitable 
signal when connected directly to the No. 716-D 
receivers. If the signal is not strong enough to 
permit tracing, an amplifier, such as the 
BC-1388, is connected to the listening circuit. 
Fi^re 4-32 shows a schematic view of the 
exploring coil. 

AMPLiriER 














-0 o- 

INPUT REC 

-o o- 









EXPUOPING COIL 



716-0 RECElVERS- 



Fipire 4-32.— Exploring 
cable. 
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Stray Current Method of Tracing Conductor 

In locating and tracing the path of a buried 
cable or a conductor which is not readily 
accessible, it is generally advisable first to 
attempt to make a location by the stray current 
method with the coil held in a horizontal position. 
Walk across the approximate path of the con- 
ductor to determine whether there is sufficient 
stray current flowing to give an audible signal or 
tone in the receivers. If there is, the tone volume 
will rise gradually to a maximum as the con- 
ductor is approached, suddenly fall to a low value 



when the coil is directly over the conductor, rise 
again to previous maximum as the conductor is 
passed, and then decrease slowly. If the exploring 
is done in the proximity of a power line, most 
of the tone heard may be the result of induction 
from the line. 

Tracing Conductor by Use of Test Set 1-51 

If there is too much disturbance from the 
power line, or if the tone volume is inadequate, 
the stray current method will not be effective. 
Under such conditions the locating and tracing 
of a cable can generally be facilitated by using 
Test Set 1-51 as a source of tracing current. 
The test set is placed as far as possible from 
the conductor at the point of tracing. The set 
may then be connected in any one of three ways, 
depending on the distance to be covered and the 
accessibility of the conductor to be located. 
Regardless of the method of construction, 
intermittent tone should be used in the set. 

When the conductor to be traced is relatively 
short and is accessible at two points, as is 
shown in figures 4-33 and 4-34 (one on each side 
of the area in question), it is advisable to 
connect the set directly. The connection is 
made with insulated wires which are attached 
to terminals 3 and 5 of the set, and are placed 
on the ground in such a way that they will not 
parallel the conductor in the area where the 
location is made. Intermittent tone should be 
used. 

When the conductor to be traced is acces- 
sible at one point and the approximate location 
is known at another point, the tracing current 
can be applied as illustrated in figure 4-35. 
Install the ground rod 5 to 20 feet from the 
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Figure 4-33.— Tracing buried cable conductor 
with test set 1-51, underground 
dip. 
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Figure 4-34.— Tracing cable conductor in under- 
ground subsidiary with test set 
1-51. 
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Figure 4-35.— Tracing accessible conductor with 
test set 1-51, and one ground rod. 

cable. Connect the set to the conductor and rod 
as described above, except that a number 3 
bridging connector may be used to attach the 
lead to the rod. 

If the conductor to be traced is not accessible 
and the approximate location is known, install 
one ground rod close to the conductor (5 to 20 
feet), and another ground about 50 feet from the 
first ground rod and in a line approximately at 
right angles to the conductor (fig. 4-36). If the 
approximate location of the conductor is not 
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Figure 4-36.— Tracing inaccessible conductor 
with test set 1-51, and two ground 
rods. 

known, the separation between the rods should 
be about 100 feet. If a power line is in the vicinity 
of the conductor, place the rods on the power- line 
side of the conductor. Drive the rods approxi- 
mately 2 1/2 feet into the earth; but where the 
soil is loosely packed or contains many small 
stones, drive the rods deeper, or move them to 
another location where the soil conditions are 
more favorable. If the separation between rods 
is not over 50 feet, make location tests at a 
point not less than 100 feet from the rods. 
Within this area a strong tone will be heard, 
but the location will not be reliable. Where the 
separation is more than 50 feet, the restricted 
area extends about 200 feet from the con- 
ductors. 



Locating Conductors 

To locate conductors stand at a point that is 
believed to be near the cable or conductor 
(on the side away from any power line, if there 
is one nearby). Hold the exploring coil in a 
horizontal position and rock it slowly around 
a horizontal axis which is considered parallel 
to the conductor, as shown in figure 4-37. 

When maximum tone is heard in the receiv- 
ers, the plane of the coil is at right angles to 
this position. A further check on the location 
can be made by holding the exploring coil in 
a vertical position and then rotating the coil 
around its vertical axis. When the tone in the 
receivers is at a minimum, the plane of the 
coil is perpendicular to the conductor. When 
the tone is at a maximum, the plane of the coil 
is parallel to the conductor. If no definite 
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Figure 4-37.— Getting general location of buried 
cable. 

maximum or minimum tone position can be found, 
the tests are repeated at other points in the gen- 
eral vicinity. 

After the general location of the conductor has 
been determined, the following procedure wilt be 
followed to find the exact location. Starting at the 
point where the approximate locations were made 
and with the coil in a horizontal position, walk 
toward the conductor. The tone volume will rise 
gradually to a maximum as the conductor is 
approached, suddenly fall to a low value when 
the coil is directly over the conductor, rise again 
to the previous maximum as the conductor is 
passed, and then decrease slowly. If a check test 
is desired, hold the coil in a vertical position, 
with the plane of the coil parallel to the con- 
ductor, and again walk across the conductor. 
The tone volume will rise as the conductor is 
approached, reach a maximum directly over the 
conductor, and then decrease as the conductor 
is passed. 



PREVENTIVE MAINTENANCE 

The most important preventive maintenance 
tectmiques to be applied to the cable repairman's 



test set 1-51 are the visual inspection and clean- 
ing. To perform the maintenance operations 
listed below, it will be necessary to remove 
the tone unit from the carrying case (fig. 4-38). 
Lift the battery case cover and the cover on 
which the tone switch is mounted and, using them 
as a handle, lift the tone unit straight up and out 
of the carrying case. 
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Figure 4-38.— Test set 1-51, tone unit removed 
from carrying case. 



INSPECTION 

Perform the inspections and checks listed 
below. Repair all loose or broken connections 
discovered. 

CAUTION: Tighten screws, bolts and nuts 
carefully. Fittings tightened beyond the pressure 
for which they are designed will be damaged or 
broken. 

1. Check for completeness and general con- 
dition of the test set. 

2. Check and tighten mounting screws on 
all components. 

3. Inspect for loose or broken electrical 
connections; loose or broken parts; cut, frayed, 
or bare wires, cable, or webbing. 
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4. Check for accumulation of dust and dirt. 

5. Inspect batteries for corrosion. 

6. Check battery voltage. 

7. Check for normal operation. 

CLEANING 

1. Clean the carrying case. 

2. Clean the tone unit with a camel's-hair 
brush. 



3. Thoroughly clean and polish the insulated 
areas between the line terminals on the set and 
between the receiver jacks on the exploring coil. 
Remove all traces of lint after cleaning. 

4. Remove corrosion from battery terminals 
with a clean cloth. 

5. Clean the receiver unit. 
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CHAPTER 5 

POWER GENERATORS 



As a Construction Electrician First Class or 
a Chief Construction Electrician, you may have 
the responsibility of supervising the installation, 
operation, maintenance, and repair of advanced- 
base type generating equipment. This equipment 
is F>ortable and ranges in size from 1.5kwto 
600 kw. In time of war or national emergency 
portable generating equipment will normally be 
used at temporary overseas bases. Even in 
peacetime, portable equipment may be used at 
remote bases. 

At larger, more permanent activities you may 
have duties associated with the installation of 
large electrical power systems. After the Korean 
Conflict, for example, Seabees erected a 69, 000- 
volt,400-amperemain line switching station with 
60-foot towers and a master substation for the 
Marine Corps Air Facilities at Futema, Okinawa. 
The master substation at this facility also has 
60-foot towers and contains a 5000-kva trans- 
former and a metal-clad switch building. The 
switch building houses all automatic and manual 
controls and breakers for the distribution of 
power. 



GENERATOR SELECTION 

When an overseas base is first established, 
electric power is needed in a hurry; you will 
not have time to set up a centrally located 
generating station. Instead, you will spot a porta- 
ble plant at each important location requiring 
power. Table 5-1 lists some of the standard 
alternating current generators available. One 
standard generator not listed in the table is the 
600-kw generator which will be described in 
detail later in this chapter. These standard 
generators are capable of meeting the power 
requirements of advanced bases. 

The 1. 5 kw output generator delivers 120 volts 
single phase at a frequency of 60 cycles. It is 
a very versatile and widely used small generator 
because its output is adequate for the communi- 
cations and lighting requirements for use in the 
field. Figure 5-1 shows a typical 1.5-kw genera- 
tor mounted on a base with handles to make it 



transportable by two men. The simplicity of 
operation is evidenced by a single control, 
consisting of a field rheostat or voltage-regula- 
tor control to permit adjustment of the voltage 
and frequency of the output. A typical 10- and a 
typical 60-kw generator are illustrated in fig- 
ures 5-2 and 5-3. 



Table 5-1. Family of Engine-Generators. 





Alternating current 


Frequency 


60-cycles 


Voltage 


120 


120/208 


120/208 
240/416 


Phase 


1 


1&3 


3 


Wires 


2 


4 


* 


4 


Fuel 


G 


D 


G 


D 


G 


D 


KW 

Rating 














1.5 

3 
5 

10 

15 

30 

45 

60 

100 

150 


X 




X 
X 
X 




Xt 
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G— Gasoline driven. Diesel driven. 

r— These generators to produce either 
50- or 60-cycle current. 

♦ — Panel connections permit, at rated KW 
output: 120/208V 3-phase 4-wire, 120v 
3-phase 3-wire, 120v single phase 2- 
wire, 120/240V single phase 3-wire. 
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Figure 5-1.— Typical 1.5-kw, 120-volt, 60-cycle, portable generator set. 



The electrical loads to be supplied, power, 
voltage, phase, and frequency requirements 
govern the selection of generating equipment. 
Probable load deviation, probable life of the 
installation, availability of fuels, and availability 
of skilled personnel are other important factors. 

Electrical plants at advanced bases serve a 
varied load of lighting, heating, and power 
equipment, most of which demand power day 
and night. The annual load factor (the ratio of 
average power to peak power) of a well operated 



active base should be 50 percent or more with 
a power factor (explained later in the chapter) 
of 80 percent or higher. If the load is more 
than a few hundred feet from the power source, 
a high voltage distribution system is required. 

If several generators are to serve primary 
distribution systems, they should generate the 
same voltage to avoid need for voltage trans- 
formation. The number of phases required by the 
load may differ from that of the generator. As 
loads can usually be divided and balanced between 



Chapter 5- POWER GENERATORS 



CONTROL PANEL 




OUTPUT TERMINALS 
(UNDER COVER) 



Figure 5-2.— Typical 10-kw, 120/208-volt 3-phase, 4-wire, 60-cycle 
portable generator set. 



24.65 



phases, most generators of appreciable sizes 
are wound for 3-phase operation. 



POWER AND VOLTAGE REQUIREMENTS 

The power and voltage requirements of the 
load will normally determine the size of the 



generator to be used. For example, electrical 
equipment rated at 120 volts, single phase with 
a combined power load of less than 1500 watts 
can be adequately handled by a gasoline or 
diesel-driven power plant with a 120- volt, 2-wire 
output rated at 1.5 kw. If the power demand of 
the equipment is greater than 1.5 kw, but does 
not exceed 4.5 kw, a generator rated at 5 kw, 



CONSTRUCTION ELECTRICIAN 1 & C 



CONTROL PANEL 




Figure 5-3.— Typical 60-kw, 120/208- or 240/416-volt, 3-phase, 4-wire, 60-cycle 
diesel-driven generator set. 



120 volts, with a 2-wire output can be used. 
However, if motors are included as part of the 
load, then the generator capacity must be in- 
creased above that which would normally be used. 
When starting a large motor, the reduction in 
terminal voltage, along with the frequency surges 
occurring during the motor accelerating period 
may affect the performance of electronic sys- 
tems and other electrical equipment supplied 
from the same generator. Furthermore, other 



motors already running may stall because of this 
low transient terminal voltage. When a large 
motor is being started, part or all the existing 
load should be removed to avoid such conditions. 
These smaller loads may be put back on the 
generator after the large motor has come up 
to speed. If a single phase load contains equip- 
ment rated at both 115 and 230 volts, a 3-, 
5-, or 10-kw diesel- or gasoline-driven gen- 
erator with a 120/240-volt, single-phase, 3-wire 
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output can be used, depending on the load Diversity Factor 
requirements. 

The selection of voltage is affected by the 
size, character, and distribution of the load; 
length, capacity, and type of transmission and 
distribution circuits; and size, location and con- 
nection of generators. Practically all general 
purpose lighting in the United States and at United 
States overseas bases is 120 volts. The lighting 
voltage may be obtainedfrom a 3-wire, 120/240- 
volt, single-phase circuit or a 120/208-volt, 
3-phase, 4-wire circuit. Some small motors can 
be supplied by direct current or single phase 
alternating current at nominally 120 volts. Large 
3-phase a-c motors, above 5 horsepower, will 
generally operate satisfactorily at any voltage 
between 200 and 240. The general use of combined 
light and power circuits increases the use of 240 
or 208 volts for general power application. 



COMPUTING THE LOAD 

As mentioned earlier in this chapter there 
are various factors that must be taken into 
consideration in the selection of the required 
generating equipment. The following technical 
data will help you In computing the load. 

Demand Factor 

Demand factor Is the ratio of the maximum 
LOAD DEMAND to the total connected load. CON- 
NECTED LOAD Is the sum of the rated capaci- 
ties of all electrical appliances, lights, heaters, 
motors, and so on. The ACTUAL DEMAND Is 
generally much less than the connected load 
because different pieces of apparatus are used 
at different times or because the peak loads of 
these various pieces are not usually simultane- 
ous. An exception occurs where all utilization 
apparatus Is of the same general type and used 
at the same time to full capacity such as shop 
or street lighting. For example, a repair shop 
may have a 31.4-kw maximum demand by actual 
measurement. The total connected load may be 
as follows: 

Thirty 60-watt lamps 1.8-kw 

Twenty 100-watt lamps 2.0-kw 

Motors, total connected 30.0-kw 

Welding equipment 20.0-kw 

Heating apparatus 9.0-kw 

Total connected load 62.8-kw 

Maximum demand 31.4 



The diversity factor is the ratio of the sum 
of the maximum power demand of component 
parts of any system to the maximum demand of 
that system as a whole measured at the point 
of supply. For example, a generator may serve 
three different demand locations, each with a 
maximum demand of 30kw, the maximum demand 
on the generator may be only 60 kw instead of 90 
kw because the maximum demand of three loca- 
tions do not occur simultaneously. This is il- 
lustrated In figure 5-4. Because the three loads 
A, B, and C vary In time, the generator at any 
one time need supply only the actual demand 
of the three loads, which in this case Is 60. The 
diversity factor is: 

60 



Power Factor 

For a-c systems the power factor is defined 
as the ratio of the true power (watts) to the 
apparent power (volt-amps). True power is the 
actual power used In the load and may be mea- 
sured by a wattmeter. The apparent power Is the 
product of the voltage impressed on the load and 
the current flowing through the load. 
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Figure 5-4.— Diversity factor. 
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Application of Demand and Diversity Factor 

Application of demand and diversity factor 
in planning electrical facilities is a major 
consideration when requisitioning electrical 
generators. Knowing the demand factors for 
various types of buildings, equipment and instal- 
lations is also beneficial when rearranging exist- 
ing facilities because increased serving capacity 
is often not required, even though the connected 
load is greatly increased. Diversity factors of 
important loads must be considered when they 
contribute to the peak load. Some loads are at 
maximum demand at the same time as the peak 
load on the system; other loads occur at a time 
different from the peak and add little to the 
required capacity of the generator. For example, 
electrified mess hall adds only about 25 per- 
cent of its actual peak load to the system peak 
load. 

SETTING UP THE GENERATOR 

In setting up the generator first try to place 
the equipment near points of large demand, 
in order to reduce the size of wire required, 
to hold the line -losses to a minimum and to afford 
adequate voltage control at the remote ends of the 
lines. Generators must not be closer than 25 feet 
to a load, however. 

If you are to select the site upon which the 
generator is to be set up, study a plot or chart 
of the area on which the individual buildings and 
facilities (demand) have been plotted. The site 
you select should be large enough to meet 
present and anticipated needs. It should be clear, 
level, dry, and well drained. If this type of site 
is not available, mount the generator set on a 
suitable foundation and bolt it down to eliminate 
any unnecessary vibration. 



SHELTERING GENERATORS 

Although advanced base portable generators 
are designed to be operated outdoors, prolonged 
exposure to wind, rain, and other adverse 
weather conditions will definitely shorten their 
life. If the generators are to remain on the site 
for any extended period of time, they should 
be mounted on solid concrete foundations and 
should be installed under some type of shelter. 

There are no predrawn plans for shelters 
for a small advanced base generating station. 
The shelter will be an on-the-spot affair, the 



construction of which is determined by the 
equipment and material on hand plus your 
ingenuity, common sense, and your ability to 
cooperate with men in other ratings. Before 
a Builder can get started on the shelter, you 
will have to inform him of such things as the 
number of generators to be sheltered; the 
dimensions of the generators; the method of run- 
ning the generator load cables from the generator 
to the bus bar and from the bus bar to the feeder 
system outside the arrangement of the exhaust 
system. 

Installation specifications necessary for 
shelter plans can be obtained from the manu- 
facturer's instruction manual that accompanies 
each unit. The following hints and suggestions 
will also be helpful. 

1. Ventilation is an important factor to 
consider when installing the units inside a 
building. Every internal combustion engine is a 
HEAT engine. And, although heat does the work, 
excess amounts of it must be removed if the 
engine is to function properly. This can be ac- 
complished by setting the engine's radiator grill 
near an opening in the wall and providing another 
opening directly opposite the unit. In this manner, 
cool air can be drawn in and the hot air directed 
in a straight line outdoors. These openings can 
be shielded with adjustable louvers to prevent 
the entrance of rain or snow. In addition, when 
operating in extremely cold weather, the tem- 
perature in the room can be controlled by simply 
closing a portion of the discharge opening. Ad- 
ditional doors or windows should be provided in 
the shelter if the plants are installed in localities 
where the summer temperatures exceed 80°Fat 
any time. 

2. Working space is another consideration. 
Be sure to provide sufficient space around each 
unit for repairs or disassembly and for easy 
access to the generator control panels. 

3. The carbon monoxide gas present in the 
exhaust of the engine is extremely poisonous and 
must not be allowed to collect in a closed room. 
Therefore means must be provided to discharge 
the engine's exhaust to the outdoors. This is done 
by extending the engine's exhaust pipe through 
the wall or roof of the building. Support the ex- 
haust pipe and make certain that no obstruction 
or too many right angle bends are used. Also, 
whenever possible, arrange the exhaust system 
so that the piping slopes away from the engine. 
In this way, condensation will not drain back 
into the cylinders. If the exhaust pipe should 
have to be installed so that loops or traps are 
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necessary, a drain cock should be placed at the 
lowest point of the system. All joints must be 
perfectly tight, and where the exhaust pipe 
passes through the wall, care must be taken to 
prevent the discharged gas from returning along 
the outside of the pipe back into the building. 

Once the generating units have been set in 
place and bolted down, Builders can proceed to 
erect the building, using the necessary informa- 
tion with which they have been provided. 



POWER (GENERATING) PLANT 

As mentioned earlier in this chapter, genera- 
tors of the advanced base type range in size 
from 1.5 kw to 600 kw. In this chapter we shall 
describe the lightweight 600 kw generator. 

There are two types of 600-kw portable 
diesel electric generating plants: the heavy- 
weight and the lightweight. The heavyweight is a 
30-ton, medium-speed (720 rpm) plant, and the 
lightweight is a 45,500-pound, high-speed (1200 
rpm) plant. 

The large, heavyweight slower speed gen- 
erator is more costly to install but more 
economical to operate and maintain. It is 
generally installed in projects having a life 



expectancy of 5 or more years. The large 
high-speed lightweight generator is cheaper to 
install but is more expensive to operate and 
maintain. This generator is generally used for 
projects with a life expectancy of less than 5 
years. 

The lightweight 600-kw portable diesel gen- 
erator (fig. 5-5) has an overall width of 115 
inches; an overall height from the bottom of 
the foundation to the top of the weatherproof 
housing of 104 inches; and an overall length 
of 24 feet. 

The plant contains all components and ac- 
cessories necessary to make a continuously 
operating unit that is capable of operating for 
at least 2 hours at 10 percent overload. 

MAIN POWER UNIT 

The engine is a Sterling Viking, 8-cylinder, 
8-inch bore, 9-lnch stroke, 4-cycle, solid- 
injection, supercharged diesel engine, with 1000 
brake horsepower (bhp) maximum at 1200 rpm. 
The supercharger is of the Elliot exhaust- 
driven type, located at the flywheel end of the 
engine. Air intake of the supercharger is pro- 
vided with an oil-wetted impingement cleanable- 
type air cleaner and silencer. Due to limitation 
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of space, all parts of the engine requiring 
removal are of a size and weight that permit 
removal by hand, without the use of hoists or 
other type of lifting gear. An electric motor 
driven air compressor, arranged with a heavy 
duty Bendix engagement to the flywheel ring 
gear, is provided for cranking the engine while 
starting. Starting-air supply to the air-operated 
motor is controlled by a 12- volt heavy-duty 
solenoid valve that is placed in operation by a 
spring loaded pushbutton switch on the engine 
control panel. Provisions are made for con- 
trolling the lubrication of the air-operated 
motor. 

GENERATOR 

The main generator will deliver 600 kw of 
2400/4160 volts, 3-phase, 60-cycle alternating 
current to the bus at 0.8 power factor, exclusive 
of power consumed by accessories. The gen- 
erator, is of a single-bearing construction with 
a forged flanged shaft, and is air cooled, drip 
proof, and self-ventilated; it operates at 1200 
rpm, as mentioned previously. The exciter is 
directly connected to the free end of the main 
generator rotor. The generator set is designed 
to operate in parallel with other units of the 
same rating and manufacture, 

AUXILIARY DIESEL ENGINE- 
GENERATOR SET 

The auxiliary generator set has an output 
capacity of 6 kw of 120/208-volts, 3-phase, 
60-cycle, 4-wire alternating current. The engine 
is a 4-cycle, solid injection diesel. This unit is 
connected to a bus in the main generator switch- 
gear. It supplies current for all internal lighting, 
heating devices, battery charging rectifier, and 
motors required for the operation of the air 
compressor (for starting the main generator) 
and main engine lubricating oil filter circulating 
pump. Provisions are made to prevent inter- 
connection of the auxiliary unit with main gen- 
erator current supply or external power source. 



STORAGE BATTERY 

The unit is provided with a 1 2- volt storage 
battery capable of delivering 75 amperes for 6 
hours or 450 ampere-hours. The battery sup- 
plies the direct current to the main engine 



speed-regulating governor motor, the emer- 
gency interior lighting system, the engine safety 
control operating devices, the auxiliary 6-kw 
generator starting motor, and to the main 
engine jacket fuel oil-fired water heater, fuel 
pump, and igniter. A selenium-rectifier type 
battery charger is provided, for operation on 
120-volt, 60-cycle single-phase a-c and has a 
12-volt d-c charging rate of 65 amp maximum 
with 18/25 amp minimum. 



MAIN ENGINE JACKET WATER HEATER 

A heater is located in the Jacket cooling 
water system to provide heat to the main engine 
for cold weather conditions. The heater is 
operated by engine fuel oil and is capable of 
transmitting 60,000 btu per hour to the engine 
jacket water. The heater is equipped with 
various switches and controls for automatic 
operation. 



UNIT HEATER 

A unit type electric heater, with an air 
circulating fan, arranged for operation on 110- 
volt 60-cycle current having a capacity of 3000 
watts is mounted in the end of the housing. This 
heater will circulate warm air when the plant 
is out of operation or in storage and will prevent 
interior condensation, or sweating. It is equip- 
ped with a wall-mounted thermostat having a 
temperature control of 40° to SO*" F, supplied 
with a suitable ON-OFF switch. 



AIR COMPRESSOR 

The unit is equipped with an electric motor- 
driven, two-staged, aircooled air compressor 
having an actual capacity of 6.8 cfm at 250 
psi to air start the main generator diesel 
engine. The compressor is driven by a 208- 
volt, 3-phase, 60-cycle splashproof electric 
motor having a capacity of 2 horsepower. 



CABLE REEL AND CABLE 

A cable reel mounted on bearings is located 
in front of the radiator to furnish storage of 
the necessary cables for connections between 
the main generator control switchgear terminals 
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and connected power source. The cable reel is 
of welded-tube construction to minimize restric- 
tion of air flow to the radiator. 

The reel is furnished with one 50-ft length 
of number 4/0 extra-flexible, 3-conductor 5000 
volt portable cable with ground wire for the main 
power supply. Suitable clamp-type terminals 
are furnished on each end of the cable. One 
50-ft length of number 8 extra -flexible, 3- 
conductor 6 00- volt portable cable with ground 
wire is also provided for auxiliary purposes. 
This cable is equipped with a coupler plug at 
one end and a clamp-type terminal on the other. 
Two 25-ft lengths of number 2/0 extra- flexible 
portable cable, and number 2/0 6 00- volt 
neoprene- sheathed grounding conductors are 
provided with each plant. 

MECHANICAL STRUCTURE OF THE 
600.KW GENERATOR 

The generator is equipped with a skid of 
welded steel construction, substantially ribbed 
and braced to a suitable base or foundation 
(see fig. 5-6). The unit has lifting pads installed 
for three point suspension. The skid is equipped 
with two tubular members which extend the 
full width of the base and are welded in a posi- 
tion to carry maximum weight for lifting the 
unit. The unit is equipped with four screw jacks 
that are constructed and mounted on tubular 
steel sections and arranged for insertion into 
the previously described tubular members 
welded into the base. The jacks can be locked 
in a vertical position when pulled out for lifting 
of the unit. Provision is also made for securing 
the lifting jacks when they are not in use and 



have been pushed back in horizontal position. 
Arrangement of the jacks will allow for lifting 
the entire unit 42 inches vertically, to provide 
necessary clearance for backing a trailer under 
the unit without any interference. 



HOUSING 

A weatherproof housing is provided and 
arranged to form a complete enclosure for all 
the equipment outlined in the preceding para- 
graphs, with exception of the outside face of 
the main generator cooling radiator. This 
housing is constructed of sheet aluminum, 
reinforced with bracing members on the roof, 
side and corner sections. Various components 
of the housing are joined together by spot 
welds and rivets. A hinged cover section is 
provided at the top of the main engine cooling 
radiator for filling. Eight hatch covers, with 
hinges and locking devices for open or closed 
position, are provided on the housing roof for 
ventilation. All openings except the main en- 
trance door, which is equipped with lock and 
key, are provided with locking latches operable 
only from the inside of the housing. The main 
entrance door is provided with a folding plat- 
form and adjustable ladder which can be folded 
and stored when the unit is not in use or being 
transported. 

INSPECTING THE GENERATOR AND 
SERVICING THE PRIME MOVER 

After setting up a portable generator, your 
crew must do some preliminary work before 




Figure 5-6.— Suggested foundation. 24.69 
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placing the generator in operation. First they 
should make a visual overall inspection of the 
generator particularly the alignment. Have them 
look for broken or loose electrical and hose 
connections, loose bolts and capscrews and see 
that the ground plate is properly grounded. 
If any wire connection is suspected of being 
improperly connected, check it against the 
wiring diagrams in the instruction manual 
furnished with the generator. Any faults that 
are found should be corrected immediately. 

Servicing the prime mover is the next step 
in the process of placing the generator in 
operation. Be sure that the crankcase is filled 
with the proper grade of oil and lubricant. A 
lubrication chart in the instruction manual 
furnished with each generator will show the 
proper grade of oil to use in accordance with 
the operating temperature. If the plant is to be 
operated in freezing temperatures be sure the 
men use an antifreeze solution in the proportions 
recommended in the generator's instruction 
manual. 

The fuel tank should be filled with clean fuel 
oil. The fuel should be strained if necessary. 

Some of the prime movers of advanced base 
electric power generators are started by starting 
units which obtain their power from batteries. 
U the prime mover that you are installing is 
equipped with a battery (or batteries) your 
crew has another servicing job to do. Batteries 
are usually shipped without the electrolyte, but 
with the plates in a dry-charged condition. 
Thus, it is necessary to fill the battery with 



electrolyte. Usually, the electrolyte is shipped 
right with the generator and is of the correct 
specific gravity. However, if you must prepare 
your own electrolyte use the mixing chart in 
table 5-2. 

Because specific gravity of the electrolyte 
depends on the type of battery furnished with 
the generator, use the specific gravity value as 
recommended by the manufacturer's instruc- 
tion manual. Generally, you will find that bat- 
teries with wood separators require an elec- 
trolyte with a specific gravity of 1.255 and 
batteries with rubber separators a specific 
gravity of 1.200. 

After the electrolyte has been prepared, 
follow the manufacturer's instruction manual 
with regard to the recommended filling pro- 
cedure. In the event the manual is not available, 
have your men use the following general 
procedure: 

1. Add electrolyte to each of the battery's 
cells until the level of the electrolyte is visible 
in the filler neck or at least 3/8 inch above the 
separators. The temperature of the electrolyte 
when placed in the cells should be between 60^ 
and 90° F. IT SHOULD NEVER EXCEED 90^ F. 

2. Chemical reaction resulting when filling 
the battery will cause the battery to heat. It 
may be cooled artificially (cooling fans) or 
allowed to stand at least 1 hour before placing 
it in service. 

3. You will probably notice at the end of 
the cooling period thatthelevelof the electrolyte 
has dropped. This is due to the electrolyte 



Table 5-2.— Electrolyte Mixing Chart. 





Using 1.835 specific 


Using 1.400 specific 




gravity acid 


gravity acid 


Specific gravity desired 












Parts of 


Parts of 


Parts of 


Parts of 




water 


acid 


water 


acid 


1.400 


3 


2 






1.345 


2 


1 


1 


7 


1.300 


5 


2 


2 


5 


1.290 


8 


3 


9 


20 


1.275 


11 


4 


11 


20 


1.250 


13 


4 


3 


4 


1.225 


11 


3 


1 


1 


1.200 


13 


3 


13 


10 
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soaking into the plates and separators. Before 
placing the battery in service restore the elec- 
trolyte to its proper level. 

4. Any electrolyte spilled on the battery 
should be removed with a cloth dampened with a 
solution of bicarbonate of soda and water. 

Although the battery can be placed in service 
1 hour after filling it with electrolyte, it is 
a procedure that you should consider only in an 
emergency. If at all possible, the battery should 
be given an initial light charge. If the charging 
procedure is not covered in the manufacturer's 
instruction manual, use the following general 
procedure: 

1. Charge the battery at a low rate (about 
5 amperes) until the voltage and specific gravity, 
corrected to 80 °F, remains-constant for at 
least 5 hours. 

2. If the temperature of the electrolyte 
reaches 125*" F, reduce the charging rate or stop 
the charge until the battery cools. 

3. During charging replenish any water 
lost by evaporation. 

After the battery has been charged, it is 
connected into the starting system of the prime 
mover as indicated by the wiring diagrams 
accompanying the generator. 

On the 600-kw generator you should check 
the ventilation; the fan cover must be opened 
and latched in that position. There must be no 
cover or obstructions over the main diesel 
engine exhaust stacks, or over the radiator 
section. The bypass shutters or doors may be 
opened to shorten the warming up period, and 
roof hatches and side louvers MAY be opened 
for additional ventilation, if required. 



ALTERNATOR INSPECTION AND SERVICING 

Just as important as the preparation of the 
prime mover is the inspection and servicing of 
the alternator. Generally, you should have your 
men take the following steps: 

1. Check all the electrical connections by 
referring to the generator's connection dia- 
grams. 

2. See that connections are tight. 

3. See that the collector rings are clean 
and have a polished surface. 

4. Check collector brushes to make sure 
they have no tendency to stick in the brush 
holders, that they are properly located, and that 
the pigtails will not interfere with the brush 
rigging. 



5. Check the collector brush pressure to see 
if it agrees with the figure recommended in the 
manufacturer's instruction manual. When the 
brush pressure information is not available, 
use a brush pressure of approximately 2 psi of 
brush area. 

6. Check the exciter in the same manner as 
the alternator. 



ELECTRICAL CONNECTIONS 

While the electric generator is being installed 
and serviced, a part of your crew can connect it 
to the load. Essentially, this consists of running 
wire or cable from the generator to the load. 
At the load end, the cable is connected to the 
equipment or to the interior wiring system of the 
building. At the generator end, the cable is 
connected either to the output terminals of a 
main circuit breaker or a branch circuit breaker. 
When the wire is run and connections are made 
it will be up to you to: 

1. Decide whether the wire or cable will be 
buried or carried overhead on poles. 

2. Determine the correct size of wire or 
cable to use. 

3. Check the generator lead connections of 
the plant to see that they are arranged for the 
proper voltage output. 

The information contained in the following 
sections will help you in these tasks. 



Installing the Load Cable 

The load cable may be installed overhead or 
underground. In an emergency installation, time 
is the important factor. It may be necessary to 
use trees, pilings, four-by-fours or other tem- 
porary line supports to complete the installation. 
Such measures are temporary; eventually, you 
will have to erect poles and string the wire on 
crossarms or bury it underground. If the in- 
stallation is near an airfield, it may be neces- 
sary to place the wires underground at the 
beginning. Wire placed underground should be 
rubber insulated, rubber jacketed cable; other- 
wise, it will not last long. 

Direct burying of cablefor permanent instal- 
lation calls for a few simple precautions to en- 
sure uninterrupted service. They are: 

1. Dig the trench deep enough so that the 
cable can be buried at least 18 inches (24 
inches in traffic areas and under roadways) be)ow 
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the surface of the ground to prevent disturbance 
of cable by frost or subsequent surface digging 
(fig. 5-7). 

2. Lay the cable over a sand cushion (fig. 
5-7). If this is impractical, loosen the trench 
base so it is cleared of rocks and stones. 

3. Space the cables on 6-inch centers for 
further mechanical and electrical protection 
(fig. 5-7). 

4. After laying the cable and before back- 
filling, cover it with earth free from stones, 
rocks etc. This will prevent the cable from 
being damaged in the event the surrounding 
earth is disturbed by flooding or frost-heaving. 



Determining Cable Size 

If the wrong size conductor is used in the 
load cable, various troubles may occur. If the 
conductor is too small to carry the current 
demanded by the load, it will heat up and 
possibly cause a break in the circuit. A fire 
might result from this excess heat or break 
in the circuit. Even though the conductor is large 



enough to safely carry the load current, its 
length might result in a lumped resistance that 
produces an excessive voltage drop. An ex- 
cessive voltage drop results in a reduced voltage 
at the load end that is incapable of operating the 
equipment. In this respect it might be well to 
point out that voltage drop should not exceed 
3 percent for power loads and 1 percent for 
lighting loads or combined power and lighting 
loads. For example, if a generator generates 
440 volts for power equipment, the voltage drop 
in the line should not exceed 13.2 volts (440 x 
0.03). 

To determine size, then, you must consider 
(1) the load current to be carried by the cable, 
and (2) the distance between the load and the 
generator. Generally, the following steps shown 
in tables 5-3 and 5-4 are involved: 

Step 1. Compute the total current demand 
with the aid of tables 5-3 and 5-4. 

Step 2. Use table 5-5 to find the size cable 
capable of carrying this total cur- 
rent. 




SAND CUSHION 



Figure 5-7.— Direct burial of cable showing proper cable spacing and depth. 
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Table 5- 5, —Allowable Current-Carrying Capacities of Conductors in Amperes. 



Not More Than Three Conductors In Raceway or Cable (Based on Room 
Temperature at 30 C (86 F ) 
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Step 3. Use table 5-6 to determine what the 
lumped resistance of the cable will 
be when stretched between the gen- 
erator and the load. 

Step 4. Compute the voltage drop in the cable 
with the information obtained in step 
3. 

Step 5. Compare this voltage drop to the 
maximum figure allowed; that is, 
3 percent for power load and 1 per- 
cent for lighting load or light and 
power combined. 

Perhaps an example will help, A rough 
sketch of a typical emergency installation is 
shown in figure 5-8. A 30-kw, diesel-engine 
driven generator is supplying on the spot power 
to electrical equipment located 50 feet away. 
The voltage output of the generator is 127/220 
volts and is to be carried over to the equipment 
via four single-conductor rul>b€r-jacket cables. 

The first step is to complete the total load 
current. This will be the sum of the current 
required by the individual pieces of electrical 



equipment. In this particular example you find 
the following: 

12 lOO-watt, 120-volt lamps. 

1 10-horsepower, 220-volt, 3-phase, slip- 
ring induction motor. 

Twelve 100- watt lamps require a total power 
input of 1200 watts or 1.2 kw. (12 x 100 watts). 
Table 5-3 indicates that to find amperes when 
kilowatts are known for single phase a-c circuits 
the following formula should be used: 

kw. X 1000 /T^ IT ^ 1 ui.i 

^= volts X power factor (P-F- for lighting cir- 

cuits IS 1). 

Therefore, by substitution 

, 1.2 X 1000 r 4U I 

— 120 X 1 amperes for the lamps* 

This takes care of the lighting load. Nou* 
figure the current required by the motor. Table 
5-4 shows that a 10-horsepower, 220-voU, 
3-phase, induction motor has a full-load current 
of 28 amperes* 



LOAD CURRENT 38 AMPERES 




ELECTRIC 
POWER PLANT 



Figure 5-8.— Determining wire size. 
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Table 5-6.— Physical Properties of Conductors, 



Standard stranded conductor 


I. P. C. E. A. 

class B 


Resistance ohms 1,000 ft. at 25°C. 
(77° F. ) 


Size AWG 


Circular mils 


Number of wires 


Bare copper 


Tinned copper 


18 


1,624 


7 


6.64 


7. 05 


16 


2, 583 


7 


4. 18 


4. 43 


14 


4, 107 


7 


2.63 


2. 69 


12 


6,530 


7 


1.65 


1.72 


10 


10, 380 
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1. 04 


1.08 
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13, 090 
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0. 824 


0. 856 
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16,510 
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0.654 


0.679 
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20, 820 
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0. 519 


0.538 
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26,250 
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0.410 


0. 427 


5 


33, 100 
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0. 326 


0. 339 
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41,740 
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0.259 
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3 


52,640 


7 


0. 205 


0.213 


2 
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7 
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0. 169 


1 


83, 690 


19 


0. 129 


0. 134 


1/0 


105, 500 


19 


0. 102 


0. 106 


2/0 


133, 100 


19 


0. 0811 


0. 0842 


3/0 


167,800 


19 


0. 0642 


0. 0668 


4/0 


211,600 
250, 000 


19 


0. 0509 


0. 0525 




37 


0. 0431 


0. 0449 


•••• 


300, 000 


37 


0. 0360 


0. 0374 




350, 000 


37 


0. 0308 


0. 0320 




400, 000 


37 


0. 0270 


0. 0278 




450, 000 


37 


0. 0240 


0. 0247 


— 


500, 000 


87 


0. 0216 


0. 0222 




550, 000 


61 


0.0196 


0. 0204 




600, 000 


61 


0. 0180 


0. 0187 




650, 000 


61 


0. 0166 


0. 0171 




700, 000 


61 


0. 0154 


0. 0159 




750, 000 


61 


0. 0144 


0.0148 




800, 000 


61 


0.0135 


0. 0139 




900, 000 


61 


0. 0120 


0. 0123 




1,000, 000 


61 


0. 0108 


0.0111 




1,250, 000 


91 


0. 00863 


0. 00888 




1,500, 000 


91 


0. 00719 


0. 00740 




1,750, 000 


127 


1. 00616 


0. 00634 




2, 000, 000 


127 


0. 00539 


0. 00555 



Summing up the individual current demands 
of the equipment you have: 

12 100- watt lamps 10 amps 

1 10-horsepower 220-volt 3-phase 

slip-ring induction motor ... 28 amps 

Total load current = 38 amps 



The second step is to choose the cable 
capable of carrying 38 amperes. Table 5-5 will 
help you. It lists the allowable current-carry- 
ing capacities of conductors of different sizes 
with different insulation coverings. You are 
installing underground cable that has a moisture- 
resistant rubber covering, type RW. Therefore 
you will use column B of the table. Follow 
column B down until you reach an ampere value 
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that is greater than 38 amperes. In this case 
you find a value of 40 amperes. However, since 
38 amperes is so close to 40 amperes you should 
choose the next ampere value (55) to allow for 
possible additions to the load. Column A indicates 
that conductor size AWG No. 6 is capable of 
carrying 55 amperes. 

Step three is to find the amount of resistance 
that the load current will meet if you used No. 6 
cable. Table 5-6 lists the physical properties 
of stranded conductors. It shows that a No. 6 
tinned copper conductor possesses 0.427 ohms of 
resistance in every 1000 feet. The cable is to 
run a distance of 50 feet between the plant and 
the load. However, since the current must travel 
both ways it will actually pass through 100 feet 
of cable. Therefore, the total amount of resis- 
tance it will meet will be: 

R= 0-^27^x^100 =0.0427 ohms. 

In step four you are to find the voltage drop 
in the cable. All it takes is a simple application 
of Ohm's law. 

E (voltage) = I (load current) x R (cable resist- 
ance) 

or E = 38 X 0.0427 = 1.62 volts 

In step five you compare the actual voltage 
drop that will occur in the cable with the value 
allowed. The voltage drop in the cable (step 4) 
is 1.62 volts. The maximum voltage drop allowed 
for a combined lighting and power circuit is 1 
percent of the source voltage. In this case the 
power plant generates 220 volts. Therefore the 
voltage drop should not exceed 2.2 volts (220 x 
0.01). You can see that the actual voltage drop 
(1.62 volts) is well within this limit, so you can 
use a AWG No, 6 cable and meet all require- 
ments. If the actual voltage drop had been greater 
than the allowable value it would be necessary 
to use the next larger size cable. 



Generator Connections 

When you install a power plant that has a 
dual-voltage alternator unit, you must make 
certain that the armature coll leads are properly 
connected to produce the voltage required by the 
equipment. Take a look at figure 5-9. It shows an 
alternator unit that has been disconnected and 



removed from a three-phase diesel driven 
power plant. Plainly visible are the stationary 
armature coils and core (stator) mounted in the 
main frame of the generator. The a-c voltages 
generated in the coils are brought through an 
opening in the pedestal of the frame by means 
of 10 coil leads. Each coil lead is identified 
by a number stamped on a metal band. 

In 220/440-volt dual-voltage, three-phase 
generators the voltage generated in each set of 
coils, when the prime mover is operating at 
rated speed, is 127 volts. Thus, by connecting 
the external coil leads together in different 
combinations, you can change the external 
voltage output of the generator. The chart in 
table 5-7 gives the exact data needed to make 
these connections for both three-phase and 
single -phase voltage outputs. 

Let's take a specific example. Suppose it 
becomes necessary to obtain 220-volts single- 
phase from a three-phase, dual -voltage gen- 
erator. Checking table 5-7 you find that coil 
leads T2 and T8 are to be connected together 
and then in turn, connected, through the main 
circuit breaker, to one of the two load cables. 
Similarly coil leads T3 and T9 are to be secured 
and connected, through the main circuit breaker, 
to the other load cable. Terminal lugs on the 
end of each coil lead provide an easy means of 
bolting them together. Just be sure that the 
connections are thoroughly insulated with a 
wrapping of rubber tape followed by a wrapping 
of friction tape. Table 5-7 indicates that leads 
Tl, T4, T7, and TO are not used for single- 
phase service. Therefore, to finish the job, 
you should individually insulate each of these 
four leads with rubber and friction tape. Figure 
5-1 0(a) shows you how the connections appear 
on the stator coil diagram. Figure 5-1 0(b) shows 
the appearance of the actual connections. 



RECONNECTING GENERATOR LEADS 

When you reconnect generator leads to meet 
certain load conditions, you change not only the 
voltage output of the generator but also its 
current rating. These voltage and current 
changes will have an effect on the operational 
characteristics of the switchboard controls and 
instruments. Thus, before the generator can be 
put into operation, certain internal alterations 
must be affected. 

For example, suppose that it becomes neces- 
sary to reconnect a 75-kw., 3-phase, 220- volt 
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>^ MARKER-LEAD 
IDENTIFICATION 



Figure 5-9.— Alternator coil leads. 



generator so that it will have an output voltage 
of 440 volts. In its original connection (220- 
volt output), the generator was capable of carry- 
ing a full-load current of 264 amperes. Changing 
over to 440 volts, however, reduces its full- 
load current to 132 amperes. The first thing 
you will want to check, then, is the fuse rating 
in the main circuit breaker. You will probably 
find that for its original connection— 220 volts, 
264 amperes— the generator was protected by a 
275-ampere trip element (fuse). To protect 
the generator for its new current rating (132 
amperes), it will be necessary to replace the 
275-ampere fuse with one having a 150-ampere 
rating. 

Another thing to consider when recon- 
necting a generator is the switchboard ammeter 



instrument that records the current output of the 
unit. Since it is impractical to use an ammeter 
capable of carrying the full-load current, instru- 
ment transfers are employed. The instrument 
transformer reduces the current value to one that 
may be safely measured by the ammeter. Us- 
ually, the instrument transformer is designed 
to reduce the full-load current to a secondary 
current of 5 amperes. In turn, the ammeter, 
which is connected to the transformer's second- 
ary, is designed to produce a full-scale deflection 
with an input of 5 amperes. Since the ratio 
between the load current and the current in the 
instrument transformer secondary is practically 
constant, the ammeter scale can be calibrated 
to read a true value of load current. Now, in the 
example being used, the generator hasafuJl-load 
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Figure 5-10.— 220-volt, 

current of 264 amperes when it is connected 
for a 220-volt output. That means that the 
instrument transformer will induce 5 amperes 
of current in its full secondary winding when 
264 amperes flows in the line and, as a result, 
the ammeter will have a full-scale deflection. 
However, on reconnecting the generator for 440 
volts, the full-load current is reduced to 132 
amperes. Unless you alter the instrument trans- 
former connections, full-load current will pro- 
duce only a half-scale deflection of the ammeter 
and a resultant false reading. In this particular 
case, the alteration consists of moving the 
instrument transformer winding connection from 
the full-winding position to the mid-tap position. 
Most switchboard ammeters have an additional 
calibrated scale which makes it unnecessary to 
apply a correction constant when the current 
range is changed. 

Another alteration that you may have to make 
in the generator's switchboard wiring concerns 
the voltage regulator. Essentially, the purpose 
of this device is to keep the generated voltage 
A'ithin certain limits regardless of changing 
load conditions. Although there are many types 
of voltage regulators they all respond to VARI- 
ATIONS IN RATED UNE VOLTAGE. However, 
the line voltage is not applied directly to the 
regulator unit. A potential transformer is em- 
ployed to reduce the line voltage to a standard 



2«.73 

igle -phase connections. 

value that is safe to use on the regulator. The 
ratio of primary voltage to secondary voltage 
must remain constant if the regulator is to 
function properly within the limits of the gen- 
erator's rated voltage. Therefore, when the 
output voltage of the generator is changed, you 
must also change the tap connections on the 
primary of the potential transformer. 

Probably the big question in your mind is, 
''Do these alterations require that you actually 
dive into the maze of wiring behind the genera- 
tor's switchboard and move leads from one 
terminal to another?" Generally no. In a few 
cases you may have to change the leads. The 
majority of manufacturers have made provisions 
that simplify the changeover from one voltage 
output to another. Typical of these changeover 
provisions is the generating set illustrated in 
figure 5-11. Essentially, it consists of a 6- 
bladed, double-throw VOLTAGE SELECTOR 
SWITCH mounted on a terminal board. As 
shown in the end view of the generating set 
(fig. 5-11), the terminal board is mounted in 
the lower right-hand corner of the frame. The 
three vertical rows of the switch contacts ex- 
tend through the terminal board and are con- 
nected permanently, by means of wires, to the 
generator's stator coil leads; the current and 
potential transformer windings; the instruments 
and controls on the switchboard; and the circuit 
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24.74 

Figure 5-11.— Voltage selector switch on 
a typical generating set. 



breaker. The arrangement of the wires is such 
that when the switch is thrown to the left the 
stator coil leads are automatically connected 
to produce an output voltage of 220 volts, and 
the current and potential transformers windings 
are tapped at the correct point for proper 
operation of the switchboard's instruments and 
controls. When the selector switch is thrown 
to the right, the wiring arrangement auto- 
matically connects the stator coil leads for a 
440-volt output and taps the instrument trans- 
former windings for correct outputs in accord- 
ance with the generator's new voltage and 
current range. 

One type of change-over device in advanced 
base generators is shown in figure 5-12. It is a 
CHANGEOVER BLOCK that is mounted on the 
rear of the generator's switchboard (control 
cabinet). The terminal studs that protrude from 
the changeover block serve two purposes: they 
provide a disconnect point between the load 
cables and the generator coil leads, and they 



present a convenient means of altering the 
operating characteristics of the generator's 
components without changing the positions of the 
wires. Notice that eachof the 10 generator stator 
coil leads is attached to a correspondingly 
numbered terminal stud. Rearrangement of the 
coil leads becomes a simple process of inter- 
connecting the terminal studs in a definite 
pattern by the use of CHANGEOVER LINKS 
(fig. 5-12). When in position on the coil lead 
terminal studs, the changeover links also con- 
tact other studs that are connected to such 
components as the current transformers, and 
the potential transformers. Thus, alteration 
of these components output is also changed 
automatically. Connection diagrams on a name- 
plate attached to the changeover block provide 
the necessary information as to the position of 
the changeover links for specific voltage out- 
puts. 

Remember that you are responsible for 
the proper operation of the generating unit. 
Therefore proceed with caution on any recon- 
nection job. Study the wiring diagrams of the 
plant and follow the manufacturer's instruc- 
tions to the letter. Before you start the plant 
up and throw the circuit breaker, do a double- 
check on all connections. 



BUS BAR 

There are a number of reasons why it is 
sometimes necessary to use a bus bar when you 
set up a portable generating station. For one 
thing, you may not be able to acquire a generat- 
ing plant that has sufficient capacity to meet 
the total power demand of the electrical load. 
It will be necessary, then, to use two or more 
generating units and collect their paralleled out- 
puts at one central point (the bus bar). Or, you 
may discover that the electrical equipment in 
the advanced base is scattered in such a manner 
as to require the use of feeder (branch) lines 
that can be controlled from a central source. 
Again, the bus bar is the answer. 

A typical advanced base generating station 
using a bus bar is shown in figure 5-13 (circuit 
breakers are enclosed in the generator). The 
two generators are leveled on a concrete apron 
that is sloped for drainage. The electrical out- 
put of each generator is transferred under- 
ground to the bus bar by four, single -conductor 
cables. The bus bar itself consists of four cables 
stretched between two 4 by 4 posts. A secondary 
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Figure 5-12.— Typical changeover block showing generator and loadconnecting points. 



rack mounted on each post serves as an insulating 
support for the bus-bar cables. Two switches, 
one for each feeder line, are mounted abovr the 
bus bar. A wooden platform provides an in- 
sulating medium for operating personnel. 

Whether or not your bus-bar installation 
looks exactly like the one in figure 5-13, the 
point to remember is that the equipment should 
be properly secured and supported, and where 
necessary, properly insulated. The size of wire 
will depend on the load current. The switches 
that control the output to each feeder line can 
either be of the fused knife switch or the cir- 
cuit-breaker type. Be sure that the current 
rating of the fuses or trip element will provide 
adequate protection against excessive overloads 
or short circuits on the feeder lines. Also make 
certain that the components of the circuit 
breaker or switch (i.e., the switch blades and 
breaker contacts) are capable of carrying the 
rated current and voltage of the feeder lines. 



In addition, make every effort to protect the 
switch-gear and bus bar from the weather. 
Building a weatherproof canopy over the rack 
will help ensure uninterrupted service and 
protection for personnel. 



POWER PLANT (GENERATOR) OPERATION 

Setting up a power generator is only one 
phase of your job. After the plant is set up and 
ready to go, you will be expected to supervise 
the activities of the operating personnel of the 
generating station. In this respect, your super- 
vision should be directed toward one ultimate 
goal- -to maintain a continuous and adequate 
flow of electric power to meet the demand. This 
can be accomplished if you have a thorough 
knowledge of how to operate and maintain the 
equipment and a complete understanding of the 
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Fig:ure 5-13.— Typical bus bar installation. 



26.76 



station's electrical system as a whole. Obvi- 
ously, a thorough knowledge of how to operate 
and maintain the specific equipment found in the 
generating station to which you are assigned 
cannot be covered here. However, general in- 
formation can be given. It will be up to you to 
supplement this information with the specific 
instructions given in the manufacturer's in- 
struction manuals furnished with each piece of 
equipment. Similarly, familiarity with the sta- 
tion's electrical system asa whole can be gained 
only by a study of information relating specif- 
ically to that installation. This information can 
be found to some extent in the manufacturer's 
instruction manuals but the greater part of it 
will be obtained from the station's electrical 
plans and wiring diagrams. Remember, how- 
ever, that a study of the electrical plans and 
diagrams must be supplemented with an actual 
study of the generating station's system itself. 
In that way the generators, switchgear, cables, 
and other electrical equipment are not merely 
symbols on a plan but physical objects whose 
location is definitely known, and whose functions 
and relation to the rest of the system are thor- 
oughly understood. 



GENERATOR WATCH 

When you are in charge of a generating sta- 
tion, you will be responsible for scheduling 
around-the-clock watches to ensure a continuous 
and adequate amount of electrical power. De- 
pending on the number of operating personnel 
available, the watches are evenly divided over 
the 24-hour period. It is common practice to 
schedule 6 -hour watches, or they may be 
stretched to 8-hour watches without working 
undue hardship on the part of the crew mem- 
bers. Watches exceeding 8 hours, however, 
should be avoided unless emergency conditions 
dictate their use. 

The duties assigned to the men on generator 
watches can be grouped into three main cate- 
gories: (1) operating, the equipment, (2) main- 
taining the equipment and (3) keeping the daily 
operating log. Operating and maintaining the 
generating equipment will be covered in suc- 
ceeding sections of this chapter, so for the 
present you can concentrate on the importance 
of the third duty of the station operator —keeping 
a dally operating log. 



106 



Chapter 5-POWER GENERATORS 



The number of operating hours are recorded 
in the generating station log. The log serves as 
a basis for determining when a particular piece 
of electrical equipment is ready for inspection 
and maintenance. The station log can be used 
in conjunction with previous logs to spot gradual 
changes in equipment condition which ordinarily 
are difficult to detect in day-to-day operation. 
It is particularly important that you impress 
upon your men the necessity for making accu- 
rate recordings at periods specified by local 
operating conditions. 

Ensure that watch standerskeep their spaces 
clean and orderly. Impress on them the im- 
portance of keeping tools and auxiliary equip- 
ment in their proper place when not in use. 
Store clean waste and oily waste in separate 
containers. OILY WASTE CONTAINERS MUST 
BE KEPT COVERED. Empty oily waste con- 
tainers at least once a day to reduce fire haz- 
ards. Care given the station floor will be gov- 
erned by its composition. Generally, it should 
be swept down each watch. Any oil or grease 
that is tracked around the floor should be re- 
nioved at once. 



SWITCHGEAR 

Switchgear as you know is a term covering 
the switching and interrupting devices with their 
components that control, meter, protect and 
regulate power equipment. Your inspection and 
maintenance schedule for the switchgear equip- 
ment will be determined for the most part by 
local operating conditions and the recommenda- 
tions of the manufacturer. In general, a check 
and inspection should be made at least once a 
year. The procedure for maintaining and in- 
specting switchgear equipment is covered in the 
Construction Electrician Course 3 and 2 train- 
ing course. 

The operation, maintenance and repair of 
circuit breakers is covered in chapter 3 of this 
course. 



SINGLE PLANT OPERATION 

Connecting an electric plant to a deenergized 
bus involves two general phases: (1) starting 
the diesel engine and bringing it up to rated 
speed under control of the governor and (2) oper- 
ating the switchboard controls to bring the gen- 
erator's power onto the bus. 



The instructions whichfoUowapply for single 
operation of the 600-kw generator, described 
earlier in this chapter. The unit has been 
grounded, leveled, and properly blocked. Pro- 
ceed as follows: 

1. Unfasten all radiator shutter locks; open 
the two forward side doors of the cab and two 
forward roof hatches; open the main engine ex- 
haust stack and cable door; remove the cable 
from cable reel and make necessary connec- 
tions to the unit receiving power and to two 
ground connections. 

2. Install suitable lightning arresters when 
service is supplied to an overhead line. 

3. Check the lube oil, cooling water, and 
fuel supply, and see that they are at the proper 
level; be sure that the air storage tank has a 
pressure of 150 psi. 

4. If cab temperature is below 45 °F, start 
oil-fired cooling system heater by turning the 
heater switch to ON position, HIGH or LOW as 
conditions require. Allow heater to operate until 
main engine temperature reaches SOT. 

5. If specific gravity of storage battery is 
1.200 hydrometer reading or lower, the battery 
charging rectifier must be started, using either 
outside power source or auxiliary generator for 
current supply to rectifier. 

6. Check control panel for proper change- 
over link arrangement: delta connection for 
2400v or star connection for 4160v. 

7. Start air compressor if air pressure in 
receiving tank is less than 150 psi. 

8. Check to make certain the shipping blocks 
are removed from the voltage regulator, three 
overcurrent relays, and reverse power relay. 

9. If lube oil level in main engine base is 
low, close the circulating control valve and open 
the intake valve on lube oil lines under main 
engine lube oil filter and start lube oil circulat- 
ing pump. WARNING: Close the intake valve 
and open the circulating control valve immedi- 
ately when oil gage in main engine base indi- 
cates FULL. 

10. Fill auxiliary engine fuel storage tank 
by closing the fuel control valve, open the fuel 
intake valve and work hand transfer pump lever 
back and forth until tank is full. 

11. Close the fuel intake valve and open the 
fuel control valve to prime main engine fuel 
system. Work hand pump until 25 psi of fuel 
pressure shows on the engine instrument panel 
gage. 

12. Open the valve on main air supply to 
main engine air-starting motor. 
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13. Move ON-OFF switch on engine panel 
to ON position. 

14. Set IX) AD LIMIT dial on main engine 
governor to No. 10 position and the SYNCHRO- 
NIZING dial at No. 5 position. 

15. Hold down safety control switch, on en- 
gine panel, and press starting switch, until en- 
gine starts. Continue to hold safety control 
switch until 30 psi oil pressure shows on engine 
lube oil pressure gage. 

16. Reset annunciator; clear it, if necessary. 

17. Check indicating lamps on engine panel 
to determine that radiator shutters are unlocked; 
lamps are red if shutters are locked. 

18. Check color of indicating lamps on elec- 
tric panel for proper voltage connection, amber 
for delta at 2400v and blue for star at 4l60v. 

19. Adjust field rheostat and voltage regu- 
lator to obtain desired voltage. 

20. Turn incoming synchronizer to ON posi- 
tion and engage main circuit breaker. 

21. Adjust frequency to 60 cycles with gov- 
ernor control switch on electric panel. 

22. Place power switch on electric panel to 
TRANSF for power supply from main engine. 

PARALLEL OPERATION 

The following is a general guide to the oper- 
ator when placing two 600-kw units (described 
earlier in this chapter) in parallel operation. 
The units should be thoroughly warmed before 
any attempt is made to place them in parallel. 
After the units attain proper operating temper- 
atures, you should set the engine speed to 1200 
rpm, 60 cycles and then properly adjust the 
governors. To prevent shifting of this load from 
one unit to the other during parallel operation, 
adjust one engine governor with zero droop to 
maintain frequency. The other unit(s) that are 
to be placed in parallel on the line load must be 
set with the proper speed droop to carry the 
desired portion of the load. The zero-droop 
engine will absorb all load changes and maintain 
any frequency for which it is set until it be- 
comes overloaded or until its load is reduced to 
zero. The droop units will assist in correcting 
speed changes on large load disturbances but 
will return to their original loads after the load 
change has been absorbed by the zero-droop 
unit. 

The following steps must be followed to ob- 
tain the above mentioned results: 

1. Adjust one engine governor to zero droop 
with the governor speed droop dial. 



2. Adjust additional units to speed droop re- 
quired to handle desired portion of load (30-50) 
setting recommended. NOTE: No more than one 
unit may be adjusted with zero droop when oper- 
ating in parallel. 

3. Place synchronizing switch in ON position 
and note phase rotation indicated by synchroniz- 
ing lamps and synchroscope on the electric panel. 
NOTE: synchronizing lamps will get dark and 
bright alternately when phase rotation is correct. 

4. Change voltage changeover switch to 
AUTO position and remove all exciter resistance 
by turning the exciter rheostat slowly to its 
extreme counterclockwise position. 

5. Adjust the voltage of the incoming unit, 
using the voltage regulator rheostat, to the 
identical voltage indicated on the bus voltmeter. 

6. Adjust the frequency of the incoming unit, 
using the governor control switch, until the 
synchroscope hand slows and stops at 12 o'clock. 

7. After the circuit breaker of the incoming 
unit is thrown, check and adjust the load distri- 
bution by adjusting the governor speed control 
switch on the electric panel: FASTER to add 
load and SLOWER to remove load. 

8. Maintain approximately one-half load on 
the zero droop unit by manually adding or re- 
moving the load from the speed-droop units as 
described in step 7. 

9. Repeat the procedure listed in steps 1 
through 8 for each additional unit to be paralleled. 

After the engines are adjusted as described 
herein, the units should handle normal load 
fluctuations without further adjustments pro- 
vided that the engine governors are adjusted 
properly. 



Emergency Shutdown (600-kw generator) 



In the event of engine overspeed, high jacket 
water temperature, and/or low lubricating oil 
pressure, the engine may be shut down and dis- 
connected from the main load by tripping the 
main circuit breaker. In addition, an alarm will 
sound to indicate the cause of shutdown. After 
an emergency shutdown and before the engine 
is returned to operation, the cause of shutdown 
should be investigated and corrected. NOTE: It 
is important to check the safety controls at 
regular intervals to determine that they are in 
good working order. 
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OPERATING RULES AND SAFETY 
PRECAUTIONS 

The orders that you post in the station for 
the guidance of the watch standers should in- 
clude a general list of operating rules and elec- 
trical safety precautions. BE SURE YOU EN- 
FORCE THEM! 

The important operating rules are relatively 
few and simple. They are: 

1. Watch the switchboard instruments. They 
show how the system is operating, reveal over- 
loads, improper division of kilowatt load or of 
reactive current between generators operating 
in parallel, and other abnormal operating 
conditions. 

2. Keep the frequency and voltage at their 
correct values. 

A variation from either will affect, to some 
extent at least, the operation of the base's elec- 
trical equipment. This is especially true of such 
equipment as teletypewriters or electric clocks. 
To maintain reasonably constant frequency, an 
electric clock and an accurate mechanical clock 
should be installed together at the powerhouse 
50 that the operators can keep the generators 
:n frequency. 

3. USE GOOD JUDGMENT WHEN RECLOS- 
ING CIRCUIT BREAKERS AFTER THEY HAVE 
TRIPPED AUTOMATICALLY. For example, 
generally the cause should be investigated if the 
circuit breakers trips immediately after the 
(irst reclosure. However, reclosing of the 
breaker the second time may be warranted if 
'.mmediate restoration of power is necessary 
ind there was no excessive interrupting dis- 
turbance when the breaker tripped. It should be 
J^ept in mind however, that repeated closing and 
Jripping may damage the circuit breaker and 
thus increase the repair or replacement work. 

4. Don't start a plant unless all its switches 
and breakers are open and all external resist- 
ance is in the exciter field circuit. 

5. Don't operate generators at continuous 
^^erload. Record the magnitude and duration of 
the overload in the log; record any unusual con- 
tritions or temperatures observed. 

6. Don't continue to operate a machine in 
"^hich there is vibration until the cause is found 
ind corrected. Record the cause in log. 



The electrical safety precautions that should 
be observed by the station personnel are: 

1. Treat every electrical circuit, including 
those as low as 35 volts, as a potential source 
of danger. 

2. Except in cases of emergency, never 
allow work on an energized circuit. Take every 
care to insulate the person performing the work 
from ground. This may be done by covering any 
adjacent grounded metal with insulating material 
such as dry wood, rubber mats, dry canvas, or 
even with several thicknesses of heavy dry 
paper. In addition provide ample illumination; 
covering working metal tool with insulating 
rubber taps; stationing men at appropriate cir- 
cuit breakers or switches so that the switch- 
board can be deenergized immediately in case 
of emergency; and make available a man quali- 
fied to render first aid for electric shock. 



REMINDER 

Inspection and servicing procedures covered 
In this chapter are rather general. Inmost cases 
they can be applied to any electric power gener- 
ator that you install. You realize of course, that 
there are other special installation details which 
pertain only to the particular generator you 
happen to be working on. Because of the many 
different types of generators there are instruc- 
tions that are applicable to a specific type of 
generator. Therefore, you should consult the 
manufacturer's instruction manuals for these 
details. SAVE THESE INSTRUCTION MANU- 
ALS! Additional copies are rarely available. 

You must keep in mind that you are responsi- 
ble for any failure of the generator(s) due to 
improper servicing and operation by your crew. 
It is the small precautions that are overlooked 
that cause most generators to fail. Are your 
crew members servicing and inspecting the 
equipment according to prescribed procedures? 
Did you instruct your men on proper safety 
procedures? Are you enforcing these rules? 
Safety warnings such as keeping the funnel in 
contact with the fuel tank when filling it with 
gasoline might save a life and ensure a full 
working crew. 



log 



CHAPTER 6 

POWER DISTRIBUTION SYSTEM 



COMPONENTS OF THE SYSTEM 

A distribution system includes all parts of 
an electrical system between the power source 
and the customer's service entrance. The power 
source may be either a local generating plant or 
a high-voltage transmission line feeding a sub- 
station which reduces the high voltage to a volt- 
age suitable for local distribution (See fig. 6-1.) 
The problem of distribution includes the design, 
construction, operation, and maintenance of a 
distribution system that will economically supply 
adequate electric service to the load area. At 
most advanced bases the source of power will be 
generators connected directly to the load. 

A power distribution systemmay be either an 
overhead distribution line or an underground 
cable system. In most Navy installations, how- 
ever, the overhead system is used. This chapter 
will therefore be mainly concerned with the 
overhead distribution system. 

Generally speaking, an overhead distribution 
system can be installed and maintained more 
cheaply than an underground system. Also, for 
equivalent conductor size, an overhead system 
has higher current capacity and offers greater 
flexibility with regard to changes in circuits and 
taps than an underground system. Overhead dis- 
tribution should normally be used unless climatic 
or unusual conditions dictate otherwise. In the 
vicinity of airports or landing strips, for ex- 
ample, it may be necessary to install an under- 
ground distribution system. 
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Figure 6-1.— A transmission and distribution 
system. 



On most Navy installations and at some 
advance bases, the primary voltages are 2400/ 
4160 three-phase four-wire 60 cycle systems. 
The secondary line voltage is normally 120/208 
volts, and is supplied to the load through a 
transformer or transformer banks. 



PRIMARY FEEDERS 

Primary feeders are those conductors in a 
distribution system that are connected to the 
substations and extend to the distribution 
centers. (See fig. 6-1.) They may be arranged as 
radial, loop, or network systems. 



Radial Distribution System 

A typical schematic of a radial distribution 
system is illustrated in figure 6-2. You will note 
the independent feeders branch out to several 
distribution centers without intermediate con- 
nections between feeders. 

The radial distribution system is the most 
frequently used system, because it is the sim- 
plest and least expensive system to build. It is 
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Figure 6-2. — Primary radial feeder. 
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not as reliable as most systems, however, be- 
cause a fault in the main feeder may result in an 
outage on all loads served by the feeder. 

The service on this type of feeder can be 
improved by installing automatic reclosing cir- 
cuit breakers, which will reclose the service at 
predetermined intervals. If the fault continues 
after a predetermined number of closures, the 
breaker will be locked out until the fault is 
cleared and service is restored by hand reset. 

Loop or Ring System 

The loop (or ring) system starts at the sub- 
station, and is connected to or encircles an area 
serving one or more distribution transformers 
or load centers; the conductors of the system 
return to the same substation. 

The loop system (fig. 6-3) is more expensive 
to build than the radial type, but it provides a 
more reliable system. It may be justified in an 
area where continuity of service is of consider- 
able importance — at a medical center for 
example. 

In the loop system, circuit breakers section- 
alize the loop on both sides of each distribution 
transformer connected to the loop. The two 
primary feeder breakers and the sectionalizing 
breakers associated with the loop feeder are 
ordinarily controlled by pilot wire relaying or 
directional overcurrent relays. Pilot wire relay- 
ing is used when there are too many secondary 
substations to obtain selective timing with 
directional overcurrent relays. 
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Figure 6-3. — Primary loop system. 



26.79 



A fault in the primary loop is cleared by the 
breakers in the loop nearest the fault, and power 
is supplied the other way around the loop without 
interruption, to most of the connected loads. If 
a fault occurs in a section adjacent to the distri- 
bution substation, the entire load may havetobe 
fed from one direction over one side of the loop 
until repairs are made. Sufficient conductor 
capacity must be provided in the loop to permit 
operation without excessive voltage drop or 
overheating of the feeder when either side of 
the loop is out of service. If a fault occurs in the 
distribution transformer, it is cleared by the 
breaker in the primary leads, and the loop 
remains intact. 



Network System 

The network and radial systems differ with 
respect to the transformer secondaries. In the 
network system, transformer secondaries are 
paralleled; in a radial system they are not. 

The network is the most flexible type of 
primary feeder system; it provides the best 
service reliability to the distribution trans- 
formers or load centers, particularly when the 
system is supplied from two or more distribution 
substations. Power can flow from any substation 
to any distribution transformer or load center in 
the network system. The network system is more 
flexible with regard to load growth than the radial 
or loop system and is adaptable to any rate of 
load growth. Service can readily be extended to 
additional points of usage with relatively small 
amounts of new construction. The network sys- 
tem, however, requires large quantities of 
equipment and extensive relaying; it is there- 
fore more expensive than the radial system. 
From the standpoint of economy, the network 
system is suitable only in heavy-load-density 
areas where the load center units range from 
1000 to 4000 kva. (See fig. 6-4.) 



Primary Selective System 

In some instances a higher degree of relia- 
bility can be attained with a primary selective 
system. In such a system, two feeders supply a 
single load center, with switching arranged for 
selection of either feeder. This selection may be 
made manually or automatically. 
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Figure 6-4.— Primary network system. 
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DISTRIBUTION CENTER 

The distribution center (fig. 6-5a and fig. 
6- 5b) is the location at which the primary main 
is connected to the feeder circuit. The fused 
cutout switch for the control and protection of 
the primary main is usually mounted on the buck- 
arm below the primary main at the distribution 
center (fig. 6-6). The voltage at the distribution 
center should be maintained practically constant 
from no load to full load. Constant voltage can be 
maintained by a feeder voltage regulator at the 
substation. The voltage can then be held constant 
at the distribution center by varying the voltage 
at the substation. 



PRIMARY MAINS 

The primary mains are connected to the 
feeder at the distribution load center. They are 
always located below the feeder on a pole. The 
primary mains operate at the same voltage as 
the feeder. The distribution transformers are 
connected to the primary mains through fused or 
automatic cutouts. Figure 6-6 shows the primary 
main to which the transformer is tapped. The 
cutouts, one on each primary line contain the 
fuses which protect the transformer against 
overload and short circuits. The primary mains 
are strung across the upper crossarm and 
usually lie in a horizontal plane. 
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Figure 6-5,— (Load) Distribution Centers on radial systems (O.H. & U.G.). 
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In laying out a distribution system for a 
base, the base area should be divided into a 
number of sections. These sections should be 
chosen so that the loads in each section are 
close to one of the distribution centers. You do 
this to keep the len^h of the mains as short as 
possible, and to keep the voltage drop low be- 
tween the distribution and the loads. The distri- 
bution or load centers should be located as near 
as possible to the center of the area of the 
connected load. 

DISTRIBUTION TRANSFORMERS 

Most electrical equipment in the Navy utilizes 
120/208 volts. The primary voltage distributed 



on Navy shore installations, however, is usually 
2400/4160. A distribution transformer (step 
down) is therefore, required to reduce the high 
primary voltage to the utilization voltage of 
120/208 volts. The various types of transformer 
installations are discussed later in the chapter. 
Regardless of thetypeof installation or arrange- 
ment, transformers must be protected by cutout 
fuses or circuit breakers, and lightning arres- 
ters should be installed between the high voltage 
line and the fused cutouts. 

There are three general types of single- 
phase distribution transformers. The conven- 
tional type requires a lightning arrester and 
fused cutout on the primary phase conductor 
feeding it. The self-protected (SP) type has a 



113 



CONSTRUCTION ELECTRICIAN 1 & C 




26.82 

Figure 6-6.— Pole mounted three-phase 
installation. 



built-in lightning protector; the completely self - 
protected type (CSP) has both the lightning 
arrester and the current-over load devices 
connected to the transformer and requires no 
separate protective devices. 



Transformer Maintenance 

Substation transformers should be inspected 
once a month to see that the oil is at the proper 
level. Most substation transformers have a 
liquid-level gage showing the correct level for 
25°C. Small distribution transformers are 
marked for correct oil level inside the tank. 
Too little liquid will cause deterioration from 
overheating or insulation breakdown; too much 
liquid in sealed-in transformers may result in 
excessive tank pressures. Because the dielectric 
strength of oil should not go below the require- 
ment of 22,000 volts witha 0.1-inch gap, periodic 



tests are necessary. Newoilusually tests 26,000 
volts or more. A test schedule should be set up 
for each transformer. Samples should be drawn 
from the bottoms of the tanks and inspected for 
discoloration, carbon, or sludge at least once 
each year. 

You should also test the oil for moisture. | 
Moisture decreases dielectric strength, and in ' 
spite of all precautions, may be absorbed by the I 
transformer. Moisture in the oil may be detected | 
by observation or by dielectric tests; moisture 
in the windings or other parts cannot be so ! 
readily detected. The two most common methods 
of detecting moisture are checking the condition 
of the insulation-resistance and power-factor 
testing. The latter tests the capacitance and 
power factor of transformer bushings. The power 
factor Increases with leakage resistance. The 
importance of these tests cannot be overempha- 
sized. 



CAPACITORS 

Anotlier important part of the distribution 
system is the CAPACITOR. Capacitors are a 
convenient and practical means to improve the 
power factor by relieving lines of lagging cur- 
rents. This action reduces the line current and 
line losses and improves the line voltage regula- 
tion. Capacitors can be installed in relatively 
small banks and placed on the circuit near the 
source of reactive lagging kva. Although keeping 
them on the primary feeders in banks of 45-kva 
or more is usually more desirable, three phase 
15-kva units may be justified in some cases. 
Normally it is not desirable to improve the 
power factor above 90 percent, because the 
capacitive kva per ampere of line current, re- 
duction becomes excessive, and is not econom- 
ical. Size and location of capacitor installations 
must be approvedby the officer acting as electri- 
cal superintendent. Typical capacitor installa- 
tions are shown in figures 6-7 and 6-8. 

Listed below are a few rules to help you 
supervise the installation of capacitors: 

1. Use line type lightning arresters on the 
capacitor banks of the sizes normally used. 
Large banks require special consideration for 
proper application of lightning protective equip- 
ment. 

2. Use primary cutouts in the majority of 
installations to connect and disconnect the 
capacitor bank. A liberal margin between nor- 
mal current ratings and fuse rating is necessary 
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NOTE: 

THIS DRAWING SHOWS 90 KVA 3f 
INSTAILATION FOR 45 KVA IN- 
STALLATION, OMIT ONE IS KVA 
UNIT FROM EACH GROUP. 



NOTE: 

WIRING CONNECTtONS CORRECT FOR 
2.4 KV 3t DELTA DISTRIBUTION SYSTEM. 



SECTION A-A 
CROSS ARMS. 3H-iNCH BY 4h-INCH BY 8-POOT. 



CROSS ARM BRACES. 28-INCK 




SOLDERLESS CONNECTORS FOR ALL TAPS 

CAPACITORS, 2.4-KV. SINOLC-PMASE. 
15-KVA. TWO BUSHINGS. 



LKJHTNIHC ARRESTER, 3-KV.- 



1/2 BOLTS WITH 
SQUARE WASHERS 



ASSEMBLY FRAME AND HANGERS 
FOR CXPACITOR UNITS. 



FRAMES AND HANGER FOR 

CAPACITOR UNITS 
GROUNDED TO NEUTRAL 

rA \ DROPOUT CUT-OUT, 5-KV, 50/60-AMPERC 
^ \ WITH 30-AMPERE FUSE LfNKS. 



ONE-POINT SECONDARY RACKS. 



STAPLfS SPACED EVERY 7 FEET. 



GROUND WIRE 




FRONT ELEVATION 



SIDE ELEVATION 



Figure 6-7.— Installation on distribution pole, delta primary. 



26.83 



to avoid unnecessary operation on current 
transients. 

3. Use shunt capability to either increase 
the load capacity or improve line voltage. 

4. Install capacitors at load centers for 
added load capacity. 

5. Install capacitors at end of line for 
voltage improvement. 



CAUTION: A disconnected capacitor retains 
its electrical charge for some time, and may 
have full line voltage across its terminals. A 
5- MINUTE WAITING PERIOD MUST BE OB- 
SERVED AFTER THE CAPACITOR IS DISCON- 
NECTED, AND THEN IT SHOULD BE SHORT 
CIRCUITED AND GROUNDED BEFORE ANY 
WORK IS DONE ON IT. 
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Figure 6-8.— Typical capacitor installation on distribution pole, four-wire, wye primary. 



SECONDARY MAINS 

The secondary distribution system is the 
last link between the generating station and the 
individual services. The secondary system in- 
cludes the range of voltage at which lights, 
motors and equipment are operated. 

Secondary mains can be supported vertically 
or horizontally. On naval installations, however, 
they are usually supported vertically on second- 
ary racks or clevises. When a number of serv- 
ices run from each side of the pole, a secondary 



rack should be installed on the opposite side 
(fig. 6-9). 

When your crew strings conductors on the 
secondary, make sure they string all the wire 
on the same side of the pole. This will make it 
more convenient to tap service drops. Also, 
when stringing wire in congested areas, the 
conductor should be unreeled and passed through 
the racks or clevises on the poles so that the 
conductor will not be in the path of any traffic. 
Where there is no traffic problem, all the con- 
ductors can be reeled out on the ground, then 
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Figure 6-9. —Attaching open wire 
pole. 



services to 



raised on to the racks by removing the pin and 
insulators. This eliminates excessive pole 
climbing. 

After the poles have been properly guyed 
and the conductors have been dead ended, the 
conductors are lifted into the grooves of the 
insulators and tied in. You must remind your 
crew that on straight lines or inside angles the 
conductors are placed on the pole side of the 
insulators; and on the outside angles the con- 
ductor is tied in on the outside of the insulator. 
This is done to keep the strain off the tie wire. 



TRANSFORMER CONNECTIONS 

The location and sizeof the transformer s are 
generally determined by standards issued by the 
Bureau of Yards and Docks, or instructions given 
by the officer acting as the electrical superin- 
tendent. As mentioned earlier, however, you may 
be called upon to make the decision, and you will 
be responsible for supervising and instructing 
your men on the proper procedures for making 
transformer connections. 
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Figure 6-10.— Single -phase connections for 
small lighting loads. 



SINGLE-PHASE CONNECTIONS 

In a single-phase connection the transformer 
is connected as shown in figure 6-10. The 120/ 
240-volt low voltage wirings are connected in 
parallel. This type of connection will only supply 
120 volts. 

The single-phase connection for light and 
power shown in figure 6-11 is most commonly 
used on stations using the delta-delta connection 
for distribution. The three-phase, (three- wire) 
system makes possible serving both 120-volt 
and 240-volt loads simultaneously. 

Two single-phase transformers can be used 
parallel on a single-phase two-wire or three- 
wire secondary system if the terminals with 
same relative polarity are connected together. 
This is not an economical operation because 
individual cost and losses of the smaller trans- 
formers are greater than one larger unit giving 
the same output; it is included as emergency 
operations for small transformers. In large 
transformers, however, operating units in para- 
transformers, however, operating units in paral- 
lel is often practical (as in the network system). 

DELTA-DELTA CONNECTIONS 

The term delta-delta connection in reference 
to transformers, means that both the primary 
and the secondary are connected in delta (fig. 
6-12). Note X4 of transformer A ties to XI of B; 
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X4 of B ties to XI of C; X4 of C ties to XI of A. 
This forms a series connection of the three- 
phases; the sum of the voltage within the delta 
loop is zero. Always make sure it is zero before 
closing the loop of the secondary by placing a 
voltmeter, test lamp, or fuse wire between the 
two ends of the loop. If the lamp lights, or the 
fuse wire melts, or any other indications of 
appreciable voltage exist do not close the loop; 
if you do, you will short circuit the transformer 
secondaries. This connection is ideal for service 
continuity as described later in the open delta 
connection. 



PRIMARY 



When both light and power are to be supplied 
from the same bank of transformers, the mid- 
tap of the delta secondary of one of the trans- 
formers is grounded and connected to the neutral 
wire of the three-phase secondary system (fig. 
6-13). In this case, only one transformer can be 
used for single-phase loads if the secondaries 
are to supply three-phase loads at the same 
time; because with the neutral of one transformer 
grounded, (fig. 6-14), a ground on either of the 
other two transformers at any point would cause 
a short circuit. The lighting-load is then divided 
between the two current carrying wires of this 
same transformer, the grounded wire being 
common to both branches. Closed-delta is used 
where the power load is more than 60 percent 
of the total load on the bank. 
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OPEN-DELTA CONNECTION (POWER) 

An open-delta connection for power can be 
used in an emergency if one of the transformers 
in a delta -delta bank fails. This type of bank is 
also used to supply power to a three-phase load 
which is temporarily light but which is expected 
to grow. When the load increases to a point where 
the two transformers inthe bank are overloaded, 
an increase in capacity of 1.73 times the open- 
delta bank can be obtained by adding another unit 
of the same size and using the delta-delta con- 
nection. The capacity of an open-delta bank is 
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Figure 6-11.— Single-phase connections for 
light and power. 
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Figure 6-12.— Delta-Delta transformer connection for three-phase three wire power. 
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Figure 6-13.— Delta-Delta connections for light and power. 
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Figure 6-14.— Three-phase, four wire second- 
ary mains. 



only 57.7 percent of a delta-delta (closed) bank 
of the same size units. Three 25-kva trans- 
formers connected delta-delta would have a 
three-phase capacity of 75-kva; two 25-kva 
transformers in an open-delta bank would have 
a three-phase capacity of only 43.3 kva (75 X 
577). In an open-delta bank only 86.6 percent of 
the rated capacity of the two transformers 
making up the three-phase bank is realized. 

When the secondary circuits are to supply 
both light and power, the open-delta bank is 
connected as shown in figure 6-15. In addition 
to the applications mentioned in the preceding 
paragraph, this type of bank is used where a 
large single-phase load and only a small three- 
phase load occurs. In this case, the two-trans- 
formers would have different kva sizes, but the 
same impedance, the one across which the light- 
ing load is connected being the larger. 



WYE-DELTA CONNECTIONS 

The wye-delta connection (fig. 6-16) is used 
for light and power where more than 60 percent 
of the total is power load. If one unit of a wye- 
delta bank goes bad, service can be maintained 
by the connection shown in figure 6-17. In regu- 
lar wye-delta bank with three units, the neutral 
of the primaries of the transformers is not 
ordinarily tied in with the neutral of the primary 
system. This bank can be used even when the 
primary neutral is not available. In the bank 
with two units, however, the neutral must be 
connected as shown in figure 6-17. The main 
disadvantage of this hook-up is that full -load 
current flows in the neutral even though the 
three-phase load may be balanced. In addition 
to maintaining service in an emergency, this 
type of bank is satisfactory where the main 
part of the load is lighting and the three-phase 
load is small. 



DELTA-WYE CONNECTION 

In all banks mentioned in the preceding 
paragraphs for serving light and power on the 
secondary, the grounded secondary wire is not 
the neutral of the three-phase system, but rather 
the midpoint of one leg of the delta. Further- 
more, all the lighting load is put on one phase; 
therefore, the primary currents in any one bank 
are unbalanced. In the delta-wye connection 
(fig. 6-18), the neutral of the three-phase 
secondary system is grounded. The single -phase 
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Figure 6-15.— Open-delta bank for light and power. 
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Figure 6-16.— Wye-delta transformer connections. 



loads are connected between the different phase 
wires and neutral while the three-phase power 
loads are connected to the three-phase wires. 
Thus, 120 volts are supplied to the lighting 
loads and 208 volts to the power load. With this 
type of bank the single-phase load can be bal- 
anced on the three phases in each bank by itself, 
and the secondaries of different banks can be 
tied together. 



WYE-WYE 
POWER) 



CONNECTIONS (LIGHT AND 



The primaries of the transformers can also 
have a wye connection. When the primary system 
voltage is 2400/4160 wye, 2400- volt trans- 



formers would be used in place of 4 160- volt 
transformers that would be required for the 
delta-wye connection. A saving in transformer 
cost results. The primary neutral should be 
available when the wye-wye connection (fig. 
6-19) is used, and the neutrals of the primary 
and secondary systems and of the bank must be 
tied together. If the three-phase load is unbal- 
anced, part of the load current flows in the 
primary neutral. Also the third harmonic com- 
ponent (distorted sine waves) of the transformer 
exciting current flows in the primary neutral. 
For these reasons, the neutrals must be tied 
together, otherwise the line to neutral voltage on 
the secondary would be very unstable. That is, if 
the load on one phase were heavier than on the 
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Figure 6-17.— Wye-delta connection for 120/240 volt, single-phase light 
and 240- volt, 3-phase power with one unit missing. 



Other two, the voltage on this phase would drop 
excessively and the voltage on the other two 
phases would rise. Also, larger third harmonic 
voltages would appear between lines and neutral, 
both in the transformers and in the secondary 
system, in addition to the 60-cycle component of 
voltage. For a given value of root-mean-square 
(rms) voltage, the peak voltage would be much 
higher than for a pure 60-cycle voltage, and 
would overstress the insulation both in the trans- 
formers and in all apparatus connected to the 
secondaries. 



BOOSTER CONNECTIONS 

Booster transformers are used to raise or 
lower the voltage of the circuit from which the 
transformer is excited. The primary winding is 
connected in parallel with the line*, and the sec- 
ondary winding is connected in series with the 
line. By reversing the secondary connection, its 
action can be changed from boosting to bucking. 
The secondary voltage is either added to or sub- 
tracted from the primary voltage. The low- 
voltage winding is subjected to the stresses 
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Figure 6-18.— Delta-wye connection. 
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Figure 6-19.— Wye-wye connections. 



associated with the high-voltage circuit; these 
stresses must be taken into consideration when 
using this connection. A booster installation is 
shown in Figure 6-20. 

The percentage of voltage change with the 
booster connection depends on the ratio of the 
primary to secondary voltage of the transformer. 
For example, with a 2400-120/240-volt trans- 
former, using the 240-voIt secondary, the ratio 



is 10 to 1 and the secondary voltage is 10 percent 
of the primary. With the 120-volt secondary, the 
ratio is 20 to 1 , and the secondary voltage is 5 
percent of the primary. 

A disadvantage of the booster transformer is 
that is boosts voltages during the periods of light 
load; this may result in a primary voltage which 
is too high during certain times of the day. If the 
connection of a booster transformer lowers the 
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Figure 6-20.— Booster connections. 
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Figure 6-21.— T Connection, three-phase to two- 
phase. 

voltage, primary leads are reversed and must be 
interchanged, 

A few suggestions and precautions with re- 
spect to booster installations are listed below: 

1. When a booster or buck transformer is 
being disconnected from the circuit, the lead 
from the secondary winding should be opened 
first in order to avoid excessive voltage surge. 



2. Special booster transformers are avail- 
able with high- voltage bushings and insulation of 
the secondary side and are preferred to ordinary 
distribution transformers for boosting voltage. 

3. Booster connections are not recom- 
mended for extensive use on station distribution 
systems because the secondary winding insula- 
tion is stressed by the primary voltage. Such an 
installation is sometimes the only economical 
solution for a voltage -control problem or when a 
temporary connection is necessary until a per- 
manent rearrangement can be made. 



T CONNECTIONS 

Normally you will not use the T connection. 
However, if you are required to use two trans- 
formers to provide three-phase power from a 
three-phase line you can use the T connection 
illustrated in figure 6-21. In making this con- 
nection note that both windings of one trans- 
former have 50 percent taps, and the other trans- 
former has 86.6 percent taps on both windings. 



SCOTT CONNECTIONS 

A Scott connection is used to transform two- 
phase to three-phase power or vice versa. Two 
transformers are used, a main transformer and 
a (teaser) transformer. The main transformer 
has a 50 percent tap on the three-phase side and 
the teaser transformer has an 86.6 percent tap 
on the three-phase side (fig. 6-22). The windings 
are designed so that the three-phase side will 
carry the full value of three-phase line current; 
and the two-phase side windings are designed to 
carry the full value of two-phase line current. 
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Figure 6-22.— Scott connection, three-phase to 
two-phase. 

TRANSFORMER INSTALLATION 
REQUIREMENTS 



5. Ground wires must be covered with a 
wood moulding to a point 8 feet above the base 
of the pole. 

The rating (size) of the fuse link used in 
primary cutout is also important. The chart in 
figure 6-23 will help you pick the correct fuse 
size. As an example, suppose you have installed 
a single-phase 75-kva transformer that operates 
from a 2400 volt primary. Using the chart, first 
find the transformer capacity (75) on the left 
side of the chart. Then proceed horizontally to 
the right until you intersect the primary voltage 
line (2400 volts). The point of intersection lies in 
the 100-ampere fuse-link area. Therefore, for 
this particular installation you would use a 100- 
ampere fuse. 

The size of the training (connecting) wires 
used to make the connections between the trans- 
former bushings and the primary and secondary 
mains is also an important consideration. In 
general, number 6 weatherproof insulated copper 
wire or equivalent, will prove satisfactory as 
training wire for the primary connections of 
transformers, in size up to 200 kva. The size of 
the secondary training wire, however, will vary 
with the size of the transformer as shown in 
table 6-1, In all cases, the secondary training 
wire should be weatherproof. 



When a transformer is to be installed it will 
be up to you to see that the job is done right. 
That means you should be up to date on the rules 
and requirements of the electrical code. The 
code books that cover various electrical require- 
ments are listed in chapter 1. Study the code 
requirements carefully before installing a trans- 
former. Some of the particularly important 
transformer installation rules are listed below. 

1. One or more transformers may be hung 
on a single pole if the total weight does not ex- 
ceed the safe strength of the pole, or crossarms 
and bolts supporting them. 

2. When more than one transformer is in- 
stalled on crossarms, the weight should be dis- 
tributed equally on the two sides of the pole. 

3. Single-phase transformers of 50 kva or 
smaller are usually placed ABOVE the secondary 
mains if conditions permit. Those larger than 
50 kva are usually placed BELOW the secondary 
mains. 

4. Lightning arresters and fused cutouts 
must be installed on the primary side of all 
distribution transformers except the self-pro- 
tected type. 



Table 6-1.— Proper Size 
Secondary Training Wire Transformer. 



Transformer 
size (kv.-a.) 


Size of outside 
secondary leads 


Size of central 
or neutral lead 


20 or smaller 


6 


6 


25 or 30 


4 


6 


37 1/2 to 50 


0 


0 


75 


4/0 


0 


100 


350 MCM 


4/0 


125 


500 MCM 


4/0 


150 or 200 


750 MCM 


35 MCM 



THREE-PHASE TRANSFORMER BANKS 

The total amount of power that can be sup- 
plied from three single-phase transformers 
connected in a three-phase bank is the sum of 
each transformers kva capacity. Three 25-kva 
transformers, for example, can be expected to 
supply 75 kva of power under stated cooling con- 
ditions, provided the transformers are approxi- 
mately equally loaded. 
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The protective requirements of a three-phase 
transformer installation are the same as those 
of a single-phase service. That is, a lightning 
arrester and fused-cutout are connected to each 
phase wire of the primary main feeding the trans- 



former. The size of the fuse, again, is determined 
by the total capacity of the transformer bank and 
the value of the primary voltage. The chart in 
figure 6-24 will help you select the proper size 
fuse. 
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Figure 6-23.— Fuse size for single-phase installation. 
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Figure 6-24. — Fuse size for three-phase installation. 

Fig^ire 6-25 gives an overall view of a typical 
three-phase installation using three single- 
phase transformers. The construction features 
of this installation are typical of those found in 
other three-phase services mounted on one pole. 
Notice the method of supporting the trans- 
formers. The main support consists of double 
crossarm mounted approximately 4 feet belo* 



Pole Installation 

Three single-phase transformers may be 
mounted on a single pole for a three-phase 
iistallation. The transformers can be secured 
directly to the pole if equipped with mounting 
lugs ( pole brackets ) or hung on a double cross- 
arm if equipped with hangers. 
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the primary main. Notice that a kicker-arm is 
installed just below the double crossarm. The 
kicker arm provides a support for the bottom of 
the transformer hanger and thus maintains the 
transformer in a rigid vertical position. 

Figure 6-25 shows a closeup of lightning 
arrester connections and construction. Although 
only two arresters are visible, there is another 
mounted on the other end of the crossarm and 
connected to the third phase of the line. The 
arresters are clamped In a hanger mounted flat 
against the side of the crossarm that supports 
the primary main. A wire from the top of each 
arrester is connected by means of a solderless 
connector to a phase wire. Notice the drip-loop 
in the wire. A ground wire leads from the bottom 
of each arrester and connects to the main ground 
wire that is stapled to the underside of the 
crossarm. 

Figures 6-6 and 6-26 show how the primary 
fuse cutouts are mounted on the double crossarm 
by means of a cutout hanger. The fuses shown are 
a combination of disconnect switch and fuse. 
When the hinged cover is pulled down in the 
position shown, the training wire circuit leading 
to the primary bushing is opened. When the 
hinged cover is closed, the fuse is automatically 
inserted in the circuit. 
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Figure 6-25.— Lightning arrester connections. 



Platform Installation 



When the combined weight of the transform- 
ers cannot be safely handled by one pole, you 
should have the transformers placed on a plat- 
form supported between two poles. Except for the 
difference in construction, the general principles 
of connecting the transformers and the protective 
equipment requirements apply equally to this 
type installation and to the pole-mounted type. 

The three-phase transformer bank Illustra- 
ted In figure 6-27 Is a typical example of a plat- 
form-mounted installation. Both a front and side 
view are shown and the physical dimensions and 
electrical requirements are Indicated. The plat- 
form's foundation Is built of two 4-lnch by 8-inch 
creosoted timbers mounted between the poles and 
bolted on each end to a pair of 4- by 8-lnch 
creosoted crossarms. Two by fours, spaced 1 
inch apart, serve as the floor of the platform. 
There will be occasions when the dimensions of 
the timber which you need cannot always be met 
by the stock you have on hand. But they should 
be matched as closely as possible. It Is not nec- 
essary to bolt the transformers to the platform; 
their weight will be great enough to keep them 
in place. 
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Figure 6-26. — Primary fuse cutout connections. 



127 



CONSTRUCTION ELECTRICIAN 1 & C 



In the installation shown in figure 6-27 the 
transformer bank is placed at the end of the 
primary main run. Therefore, it is necessary to 
use a pole-to-pole guy and pole-to-ground guy 
to counteract the pull of the wires. The three 
lightning arresters clamped to thetopcrossarm 
are connected to the primary main and to a 
ground wire on the side of the pole. Training 
wires tapped to each primary main drop down 
and connect through fuse cutouts to a three-wire 
primary bus stretched between poles. The sec- 
ondary bus is also mounted between the poles but 
above the primary bus. 

The transformer bank is connected with a 
delta primary and a delta secondary. A four-wire 
secondary main for light and power is obtained by 
mid-tapping the secondary of one of the trans- 
formers. 



Ground Installation (Bank) 

The larger single-phase transformers when 
connected into a three-phase bank must be 
directly on the ground. This situation will arise 
in some substation installations. You may also 
find it necessary to install transformers on 



ground if two three-phase banks are needed to 
supply power to the same area or building. Aside 
from the special construction features necessary 
to mount a transformer on the ground, there are 
only two major safety requirements which make 
a ground bank installation different from a pole 
or platform mounted bank. First, in addition to 
the normal grounding of neutral wires and light- 
ning arresters, all equipment and steel work 
must be effectively and permanently grounded. 
Second, a protective fence must be built around 
the installation with warning signs prominently 
displayed. 



TRANSFORMER MAINTENANCE AND REPAIR 

The largest part of your transformer main- 
tenance and repair will be concerned with the 
inspection and replacement of defective bush- 
ings, the inspection and replacement of insula- 
ting oil, and the reconditioning of leads. 

Transformer installations should be inspec- 
ted at regular periods. In addition, you should 
instruct your crew to keep an eye open for any 
indications of transformer failures during daily 
work routine. 
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Figure 6-27.— Platform mounted three-phase transformer bank. 
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Communication facilities at advance bases 
are far less elaborate than facilities at perma- 
nent bases located in the United States. The 
equipment is rugged and as compact and portable 
as possible. 

The most common type of telephone equip- 
ment used at advance bases includes the SB- 
22/ PT switchboard, telephone central office set 
TC-2, TC-4, and the TC-10, Other communi- 
cation equipment normally found at advance 
bases are interoffice communication equipment, 
and public address systems. 

As the Construction Electrician first class 
or chief, it is your responsibility to see that 
the above mentioned communication equipment 
is properly installed and maintained. 



SB-22/PT SWITCHBOARD 

The SB-22/PT, is a 12-line, portable, local- 
battery switchboard. It is designed to establish 
a working telephone system for units up to and 
including the size of a battalion. The front and 
rear view of the 12-line switchboard is shown 
in figure 7-1 A and B. 

The SB-22/PT is a small, lightweight, im- 
mersion-proof switchboard used for intercon- 
necting local-battery lines. It requires no special 
mounting equipment for operation. The names 
of the main parts are given in figure 7-1 A and 
B. The components which comprise the SB- 
22/ PT are shown in figure 7-2 and 7-3. 

The SB-22/PT switchboard is also equipped 
for remote control radio communication. Under 
normal conditions your crew needs to be con- 
cerned only with the telephone lines. The pro- 
cedure for connecting the wires of the switch- 
board to a radio circuit Is very similar to the 
procedure for making connections to the tele- 
phone circuit. 



LINE PACKS 

The 12-line packs are located on the left 
side of the front panel. A line pack Is shown 



In figure 7-3. Each line pack Is fastened to the 
switchboard by two captive screws, one at the 
top of the unit, the other at the bottom. The line 
pack consists of a reel unit, a drop, a jack, and 
an identification strip. 

The REEL UNIT consists of a reel, a cord, 
and a plug. The cord Is fastened to the spring- 
loaded reel by three screws at one end and Is 
equipped with a standard switchboard plug at 
the other end. The cord may be extended to a 
maximum distance of 35 inches and is retracted 
by the spring-loaded reel. 

The DROP consists of an electromagnet and 
a hemispherical piece of metal with a luminous 
strip painted horizontally across It. When a 
telephone user turns the crank of the hand 
generator serving the telephone, a circuit Is 
completed, causing the hemispherical piece to 
rotate downward; this exposes the luminous 
strip. The drop is restored by a mechanical 
linkage between the drop and the jack. 

The JACK is used In conjunction with the 
cord of the operator's pack, or with cords of 
the line pack, to interconnect line circuits. 

The IDENTIFICATION STRIP Is a piece of 
white plastic fastened beneath the line jack. 
Marks on this strip Identify the telephone cir- 
cuit associated with the line pack. 



OPERATOR'S PACK 

The OPERATOR'S PACK (fig. 7-4) Is located 
on the right of the front panel. The pack consists 
of a reel unit, ringing equipment, alarm equip- 
ment, and a handset-headset receptacle. 

The REEL UNIT is identical to that of the 
line pack. The ringing equipment consists of a 
hand generator and a control switch. Ringing 
current Is generated when the hand crank Is 
rotated. The control switch has two positions: 
RING BACK and PWR RING FWD. This switch 
enables the operator to connect ringing current 
to the calling or to the called telephone. 

The ALARM EQUIPMENT provides a more 
positive signal for the operator than that afforded 
by the drop mechanism of the line pack. The 
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B, Rear view 
Figure 7-1.— Twelve-line switchboard, SB-22/PT. 
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24.104.3 

Figure 7-2.— Manual telephone switchboard SB- 
22/PT, components. 



alarm equipment consists of the signaling buz- 
zer and a lamp. When the switchboard is 
signaled by an outlying telephone, the drop on 
the line pack associated with the outlying field 
telephone falls; this completes a circuit through 
the alarm lamp or the buzzer depending on the 
setting of the switch. Either the lamp lights or 
the buzzer sounds. 

The HANDSET-HEADSET receptacle is a 
polarized, bayonet-locking, 10-conductor re- 
ceptacle which is used with the plug on the 
handset-headset cord. 



PREINSTALLATION PROCEDURES AND 
CHECKS 

You should inform your crew that the 12-line 
switchboard may be placed in any convenient 
location. They should place it on a surface of 
the proper height to ensure ease of operation. 
If a suitable stand is not immediately available, 
they may temporarily place it on the ground. 

Your crew should be careful not to damage 
the equipment during uncrating and unpacking. 
You should have it inspected immediately upon 
unpacking for possible damage during shipment. 
The original packing cases and containers should 
be saved, so they can be used again when the 
equipment is repacked for storage or shipment. 

Before the connections are made, instruct 
your crew on the proper procedures for testing 
the line and operator's packs. 

After the connections are made and the tests 
have been completed, direct someone to talk 
over the line and note the quality of transmission. 
If transmission is poor or speech cannot be 
heard at normal speech level, check the wiring 
and repeat the tests. If the trouble continues, 
replace the operator's pack. 




I SNAP -ON COVER | 
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J201 Telephone jack 
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24.10S 

Figure 7-3. -Line pack for SB-22/PT switch- 
board. 



INSTALLATION PROCEDURES 

Your crew should make the ground con- 
nection before connecting the wire lines to the 
switchboard. You should select the lowest, 
dampest site in the vicinity; clay or loamy 
soil is best. You should have one of your crew 
members scoop out a hole 6 inches deep and 
drive a ground rod into the hole until the top 
of the rod is about 3 inches below the un- 
disturbed ground surface. Have him connect 
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one end of the wire to the ground rod. The earth 
around the rod should be saturated with water, 
and the hole filled with earth. The other end of 
the wire should be connected to the binding post 
located on the frame behind the rear access door. 

To connect the wire lines to the switchboard, 
a pair of binding posts should be selected and 
connected to the desired circuit. Be sure to 
record the circuit identification on the proper 
identification strip. 

When the wire lines are connected, you are 
ready to install the four dry-cell batteries, 
which furnish the power. Remove the battery 
case and insert the two BA-30 batteries into 
the compartment so that the brass contact end 
of each battery faces outward. Repeat the pro- 
cedure for the compartment at the other end of 
the battery case. After completing this oper- 
ation, replace the case into the spring retaining 
clips. 



STACKING OF TWO SWITCHBOARDS 

To serve more than 12 but fewer than 30 
lines, you can have your crew stack two 12-line 
switchboards. Have the operator's pack removed 
from the switchboard and install five line packs 
in the empty space. This modified switchboard 
should be placed on top of a normally equipped 
switchboard. It is necessary to use two jumpers 
to connect the two switchboards. One jumper 
must be connected to the NA binding posts of 
both switchboards, and the other jumper must 
be connected to the GNP binding posts of both 
switchboards. Be sure that your men pass the 
jumpers through the slot at the side of each 
switchboard. Only one set of batteries is re- 
quired to serve both switchboards; the battery 
case from the one containing the 17 line packs 
(from which the operator's pack has been re- 
moved) should be removed. The field telephones 
can then be connected as previously described. 
A maximum of 29 lines can be served with this 
arrangement. 
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Figure 7-4.— Operator's pack for SB-22/PT 
switchboard. 



MAINTENANCE AND REPAIR 



See that your crew makes frequent inspec- 
tions of the equipment to keep it in good working 
order. Dust, dirt, grease, or moisture should 
not be allowed on the exterior of the switchboard 
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or the handset-headset. The crew should use a 
clean, dry, lint-free cloth or a dry brush for 
cleaning. The electrical contacts on the frame 
of the switchboard should be cleaned with a cloth 
moistened with dry-cleaning solvent, and should 
be wiped dry with a clean dry cloth. A burnishing 
tool should be used to clean the switch contacts. 

Rust, fungus, dirt, and moisture tend to ac- 
cumulate on the binding posts, plugs, and external 
portions of the line jacks. Have these removed 
with a dry rag or brush. The battery case and 
clip contacts should be inspected for corrosion, 
moisture, fungus, and tightness. All lines should 
be checked for kinks, strains, moisture, fungus, 
and loose terminals; also have the insulation 
checked to see that it is not frayed, cut, or 
otherwise damaged. 

Moving parts of the SB-22/PT do not require 
lubrication. When necessary, see that one of the 
crew members lubricates the spring latches of 
the front cover, and the thumb latches and hinge 
of the rear access door. 

Failure of the switchboard to operate properly 
is usually caused by one or more of the 
following: 

1. Rundown batteries 

2. Defective operator's handset-headset 

3. Defective line pack 

4. Defective operator's pack 

Rundown batteries may be indicated by any 
of these difficulties: 

1. Pull switch is pulled out, but lamp fails 
to light. 

2. Drop of a line pack indicates that a 
telephone is signaling the switchboard, but the 
lamp or buzzer of the operator's alarm fails 
to work. 

3. The operator cannot talk to any of the 
telephone users. 

Remove rundown batteries, and replace them 
in the manner previously described. 

A defective handset-headset prevents the 
operator from talking to any of the telephone 
users, from receiving calls from any of the 
outlying phones, or both. Replace defective 
handset with one that is in working order. 

A defective line pack may be indicated by 
any of the following troubles: 

1. The user of a telephone cannot signal the 
operator because the drop does not function. 

2. The drop of a line pack for a particular 
telephone works, but the operator's alarm fails 
to function. (If this difficulty occurs with all 
telephones, the trouble may be rundown bat- 
teries or a defective operator's pack.) 



3. The operator cannot talk to or receive 
calls from the user of a telephone. 

4. The users of two telephones cannot con- 
verse with each other, but the operator can con- 
verse with each user separately. 

The line pack is a self-contained, plug-in 
unit. It may be removed by loosening the two 
captive screws from the front panel, inserting 
the plug into the jack, and pulling on the plug 
until the line pack is free from the front panel. 
The replacement should then be reinserted into 
the empty space. After the captive screws are 
tightened, the new line pack is ready for 
operation. 

A defective operator's pack may be in- 
dicated by any of the following difficulties: 

1. Lamp fails to light when a pull switch 
is pulled out (also may be caused by burned-out 
lamp or rundown batteries). 

2. The operator's alarm fails to work when 
the drop of a line pack indicates that a telephone 
is signaling the switchboard (may also be caused 
by rundown batteries). 

3. The operator cannot ring any field 
telephone. 

4. The operator cannot talk to any telephone 
users (may also be caused by a defective 
handset-headset or rundown batteries). 

5. The operator cannot receive calls from 
telephones on the line (may also be caused by a 
defective handset-headset). 

6. The operator cannot ring back. 

If at all possible you should always have 
handy a circuit wiring diagram and exploded 
views of the various parts of the SB-22/PT 
switchboard in order to make emergency re- 
pairs if spare parts are not available. 

TELEPHONE CENTRAL OFFICE SET TC-4 

The telephone central office set TC-4 is a 
transportable switching central consisting of a 
main distribution frame (MDF), telephone 
switchboard, and accessories. It is designed for 
use at division or other headquarters which 
require a switchboard with 40 line circuits 
(switchboard BD-96). The telephone central 
office set TC-4 and its components are shown 
in figure 7-5. 

SWITCHBOARD BD-96 

Switchboard BD-96 is a complete, trans- 
portable, single position, manually operated 



133 



CONSTRUCTION ELECTRICIAN 1 & C 



ISWITCHBOARC 
iBt)-96 



TELEPHONES 
EE-8-() 




HEADSET 
HS-30-( )| 



•GROUND ROD 



CHEST SET TO-I j TMU-332 

miCROPHONE T-46 BATTERIES BA"^ 



Figure 7- 5,— Components of telephone central office set TC-4. 
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telephone switchboard. Trunk circuits are pro- 
vided which may be used for connection to com- 
mon battery lines of either manual or automatic 
central offices. Drop signals are provided for 
the lines and trunks and are associated with each 
cord for recall signals. A compartment is pro- 
vided in the rear of the switchboard for con- 
nection of batteries to supply current for talking 
and for the night-alarm buzzer. The top of the 
switchboard contains terminal facilities for 
ringing current, grouping, a second operator, 
and external battery. 

Switchboard BD-96 contains the following 
circuits: 

1 First operator's telephone circuit and 
grouping key 
12 Cord circuits 

1 Ringing circuit 
40 Line circuits, magneto 

4 Trunk circuits, common battery, manual 
or dial 

1 1 Dial-cord circuit 

1 Conference circuit 

1 Night-alarm circuit 

1 Second operator's telephone circuit 



Line Jacks and Drops 

Forty magneto line drops and four dial and 
manual common battery trunk drops with asso- 
ciated jacks are located on the face of the 
switchboard (fig. 7-6). The magneto line drops 
are self-restoring; the trunk drops must be 
manually restored. The drops provided for the 
four trunk circuits are numbered 35 through 38 
and are located in the center of the top row of 
drops. Each trunk drop has a double jack which 
provides for dialing. 



Binding Post Panel 

The line jacks are wired to a binding post 
panel in the top of the switchboard which provides 
for connections with spade-terminal strips 
through rubber-jacketed cable to panel BD-97. 
The binding post panel contains 90 binding posts 
in three parallel rows of 30 binding posts per 
row. 

Other accessories on the switchboard BD-96 
are the 12 SUPERVISORY DROPS located on the 
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Figure 7-6.— Switchboard BD-96, front view. 



bottom row of the switchboard face (fig. 7-6). 
These drops are manually restored. There are 
also 3 CONFERENCE JACKS located to the 
left and 3 to the right of the supervisory drops. 
The conference jacks are interconnected so that 
a six-party conference circuit may be set up on 
the switchboard.* And finally, there are the 
CORDS and TALK-RING KEYS. The 12 calling 
cords, 12 answering cords, 1 dial cord, and 12 
talk-ring keys are located on the keyshelf of the 
switchboard. (See fig. 7-7.) Adjacent keys, cords, 
and supervisory drops are connected internally. 

PANEL BD-97 

Panel BD-97 is the main distributing frame 
unit for use with switchboard BD-96. Arrange- 
ment of the apparatus is shown in figure 7-8. An 
opening with a sliding cover is provided for 
incoming line wires in each side of the panel. 
An opening with a sliding cover is also provided 
in the bottom of the upper cabinet for the cables 
to the switchboard when the cabinet door is 
closed. Eight repeating coils, four on each side, 
are mounted on the protectors. 

Cables 

The cabling between the panel and the 
switchboard consists of three rubber-jacketed 
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Figure 7- 7. -Switchboard BD-96, keyshelf 
equipment. 



cables each containing 15 pairs of braid- 
covered latex insulated, No. 22 AWG (American 
wire gage) stranded conductors. The cables, 
exclusive of the cable connectors, are 21 feet in 
length. The cable is connected at the panel 
directly to the fuses. At the switchboard end the 
cables are terminated in cable connectors which 
consist of strips of insulating material between 
which is mounted a row of 30 spade terminals. 
These terminals are mounted to allow some 
movement so that they will be self -aligning when 
connections are made to the binding posts on the 
switchboard terminal panel. The cable con- 
ductors are soldered to these spade terminals. 
The soldered connections are enclosed in a 
copper-alloy protecting cover. 

Fuses and Protector Blocks 

Two vertical rows of 22 pairs of 1 -ampere 
fuses and protector blocks (unit dischargers) 
are mounted in the panel. Two terminal strips, 
each with 44 binding posts, are mounted to each 
side of the panel for connecting the incoming 
line wires. These terminals are permanently 
wired to the line side of the fuses and protector 
blocks. 
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Figure 7-8.— Panel BD-97 set up, front view. 



Telerlng 

The telering is mounted in the lower cabinet 
of panel BD-97 and Is used as a source of 
ringing power when 110 volt, 60-cycle a-c 
power is available. 

INSTALLATION OF TELEPHONE SET TC-4 

Before you have your crew install the TC-4 
telephone set, you should decide upon the 
general layout in view of the local conditions. 
The equipment is partially weatherproofed and 
the tarpaulin which is provided can be used as 
a fly or tent, making it possible for the equip- 
ment to function outdoors in almost any kind of 
weather. Select the driest location available and 
one that is suitable for a good GROUND con- 
nection. In selecting the site you should consider 
the operator. Make sure that the location is as 
far from extreme noise as practicable so the 
operator will not be disturbed. Another con- 
sideration should be the lighting arrangement. 
Arrange the equipment so that a subdued light 
will shine on the operator's work rather than 
shining in the operator's eyes. 

It is not necessary to set up the panel next 
to the switchboard. In fact, for inside instal- 
lations, the panel may be placed in another 
room. The maximum distance between panel 



and switchboard is limited to approximately 
20 feet by the length of the connecting cables. 
Always place the panel far enough from the 
switchboard to allow free movement about the 
panel. 

In setting up the switchboard BD-96, your 
men should make sure that the base is level; 
and see that they install six batteries BA-30 
in the compartment in the lower back of the 
switchboard as illustrated in figure 7-9. 

After the switchboard is set up, have a 
thorough inspection made for damaged or loose 
parts. 

Setting Up Panel BD-97 

In supervising the installation of the panel 
BD-97 you should see that it is set up properly 
with the hinged edge up, and within cabling 
distance of the switchboard. 

You should then locate a good ground source, 
such as a water pipe or other buried metallic 
object of good conductivity having a large area . 
of earth contact. If this is not available drive a , 
ground rod deeply into moist earth. Use light 
strokes to prevent whipping of the rod from 
destroying the earth contact. Tamp the soil 
firmly down around the rod. If additional con- 
ductivity is required a second ground rod of the 
same type may be driven at least 10 feet away 
from the first rod and the two connected in 
parallel. Moistening the surrounding ground 
with salt water will improve ground conductivity. 




Figure 7-9.— Installation of batteries in rear 
compartment of switchboard. 
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Converter 

Converter M-222 or the M-222A are designed 
to supply emergency power ringing current for 
telephone switchboards such as switchboards 
BD-91 and BD-96, when power from a 110- volt, 
60-cycle source is not available or when the 
standard 110- volt power ringing equipment fails 
in service. Converter M-222 or M-222A is a 
standard component of telephone central office 
sets TC-4 and TC-12. Figure 7-10 shows con- 
verter M-222 and M-222A. 

The converter M-222A is housed in a rec- 
tangular steel box with two removable sides, 
which permits easy access to all circuit com- 
ponents by merely unscrewing four captive 
screws and removing the right cover. Two 
spring clips are mounted on the inside of the 
left cover to hold batteries in place. 

Installation of Batteries 

Two batteries BA-23, (1-1/2 volt-dry cell) 
are required for operation of converter M-222 
or M-222A. 

In installing the batteries be sure that your 
men properly connect the 2 batteries in series 
using the battery connector. They should connect 



the green wire which is grounded to the case of 
the converter to the vacant positive terminal of 
the two batteries, and the red wire should be 
connected to the vacant negative terminal. Be 
sure that the batteries are placed in the battery 
compartment with the terminals facing the fiber 
insulator. 

Connection of Converter 

To connect the converter for use, plug the 
power ringing cord from the switchboard into 
the output receptacle. On converter M-222, the 
receptacle is located on the front of the con- 
verter. On the M-222A, the receptacle is 
located on the right cover. After the connection 
is made throw the switch to the ON position to 
start the converter. 

CAUTION: When the converter is not in use, 
always throw the switch to the OFF position to 
prevent batteries from being discharged. 



PREVENTIVE MAINTENANCE 

Although the converter has a small number 
of component parts, routine preventive mainte- 
nance is required for various reasons. For 
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Figure 7-10.— Converter M-222A, right cover removed. 
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example, dust encountered on dirt roads during 
cross-country travel filters into the equipment 
no matter how much care is taken to prevent it. 
Rapid changes in weather (such as heavy rain 
followed by sunshine and high temperatures), 
excessive dampness, snow, and ice tend to 
cause corroision of exposed surfaces and parts. 
Without frequent inspections and the necessary 
tightening and cleaning operations, equipment 
becomes undependable and may break down 
when it is most needed. 

Inspection is the most important operation 
in the preventive maintenance program. A care- 
less observer will overlook the evidences of 
minor trouble. Although these defects may not 
interfere with the performance of the equipment, 
valuable time and effort can be saved if they are 
corrected before they lead to major breakdowns. 
Make every effort to have your crew become 
thoroughly familiar with the indications of 
normal functioning so that they will readily 
recognize the signs of a defective set. Have 
them check for the following conditions: 

1. Overheating, as indicated by discolor- 
ation, blistering, or bulging of the parts or 
surface of the container; leakage of insulating 
compounds; oxidation of metal contact surf aces. 

2. Placement, by observing that all leads 
and cabling are in their proper positions. 

3. Cleanliness, by carefully examining all 
recesses in the unit for accumulation of dust, 
excessive moisture, and so on, especially be- 
tween connecting terminals. Parts, connections, 
and joints should be free of dust, corrosion, 
and other foreign matter. In tropical and high- 
humidity locations, look for fungus growth and 
mildew. 

4. Tightness, by testing any connection or 
mounting which appears to be loose. 

CAUTION: Do not tighten screws, bolts, and 
nuts carelessly. Fittings tightened beyond the 
pressure for which they are designed will be 
damaged or broken. Whenever a loose connection 
is tightened, moistureproof and fungiproof it 
again by applying varnish with a small brush. 



CONNECTING THE TC-4 COMPONENTS 

All connections between components of tele- 
phone central office set TC-4 are shown in the 
cording diagram in figure 7-11 and are con- 
nected as follows: (Not necessarily in this 
order.) 



1. Connect all three panel cables to top 
compartment of the sv/itchboard. Match the 
numbers marked on the cable terminals with 
the numbers marked at each end of the terminal 
strips in the top of switchboard BD-96. Tighten 
all screws with the proper size screwdriver. 

2. Connect the ground terminal in panel 
BD-97 to the ground rod. 

3. Connect the incoming lines to the binding 
posts in the upper cabinet of panel BD-97. Ar- 
range the lines neatly and out of the way to 
minimize trouble and facilitate troubleshooting. 
All connections should be made firm and the 
loose ends of wires trimmed in order to elim- 
inate the possibility of short circuits. 

4. Plug the cord of the telering into a con- 
venient 110- volt, 60-cycle outlet. (If none is 
available use the converter M-222 or M-222A 
mentioned earlier.) Extend ringing current to 
switchboard BD-96 by means of cord CD-451. 

5. After all other connections have been 
made, connect headset HS-30 and the necessary 
chest set. 



PERFORMANCE CHECKLIST 

As crew chief you should have available a 
performance checklist similar to the one shown 
in table 7-1, to help the operator to determine 
whether telephone set is functioning properly. 
In looking over table 7-1 you will note that 
items 1 to 6 are checked before starting, items 
7 to 13 when starting, and items 14 through 16 
during operation. Items 14 through 16 should be 
checked continuously during the normal oper- 
ating period. 

The normal indications listed in table 7-1 
include the visible and audible signs that the 
operator will receive when he checks the items. 
If the indications are not normal, the operator 
should apply the recommended corrective 
measures. 

The corrective measures listed are those 
that the operator can make without turning the 
equipment in for repairs. 



TELEPHONE CENTRAL OFFICE SET TC.2 

Telephone central office set TC- 2 is equipped 
with a 57-line switchboard. This switchboard 
consists of 20 magneto (local-battery) lines and 
37 common-battery lines. A switchboard of this 
type is designed for a base where the majority 
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Figure 7-1 Telephone central office set TC-4, cording diagram. 



of telephones are in a centrally located area, 
but where a few telephones are located in outlying 
activities. Telephones located a considerable 
distance from the exchange require local- 
battery operation. 

The complete switching system consists of 
the 57-line switchboard, a main distributing 
frame (MDF), a power panel, a rectifier, a 
power unit, and necessary accessories. 

The switchboard is the Army Signal Corps - 
type BD-89. It is a portable, single -position, 
two-panel, manually operated type. In addition 
to the 57 telephone lines, it contains three 
trunklines which may be connected to other 
switchboards. One trunk circuit provides for 
two-way service between the switchboard and a 
dial central office. A dial cord circuit is pro- 
vided for dialing on the trunk circuit. Lamp 
signals are provided for the common battery 
lines and the cord circuits. 

Drop signals are provided for the magneto 
lines, with magneto recall lamps associated 
with each cord circuit. The line jacks are wired 
to a terminal strip at the rear of the switch- 
board which provides for connections with spade 
terminal strips through rubber-jacketed cables 
to the main distribution frame. Terminal facil- 
ities are provided for making connections to the 



storage battery supply (24 volts DC), ringing 
current supply, and grouping key circuit. One 
model of the BD-89 switchboard is shown in 
figure 7-12. 



MAIN DISTRIBUTING FRAME 

The main distributing frame serves to ter- 
minate the outside lines and to connect them to 
the proper line jacks on the switchboard. Cabinet 
BE -79 (fig. 7-1 3) is the MDF used with the BD-89 
switchboard. The MDF is equipped with pro- 
tector blocks and heat coils which are connected 
to terminal strips. Binding posts are provided 
for the incoming lines and for cross-connecting, 
so that all such connections can be made without 
soldering. There are twelve repeating coils 
mounted on the line side of the MDF to permit 
cross-connection and cabling. 

The line side of the cabinet contains two 
vertical strips of protectors, each strip con- 
sisting of 40 pairs of protector blocks and heat 
coils. The heat coils guard against the cumula- 
tive effects of small currents that might produce 
excessive heat when they flow for considerable 
periods of time. A terminal panel equipped with 
80 binding posts for connecting the incoming 
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Table 7-1.— Equipment Performance Check List. 





Item 

Vo. 


Item 


Action or Condition 


Normal 

Indications 


Corrective Measures 




1 


Panel cables 


Connected to three rows of binding posts 
in top of switchboard BD-96. 








2 


Panel binding 
posts 


Incoming lines connected. 






>• 


3 


Ground Rod 
MX- 148 G 


Installed and connected to ground terminal 
of panel BD-97. 




_ — 1 


3 A RAT 


4 


Batteries DA-30 


Six batteries installed In rear of switch- 
board BD-96. 






bi 

(L 

a 


5 


Tele ring 


Connected to a-c outlet, if available. Also 
connected to switchtward BD-96. 




1 




6 


Converter M-222 


Connected to switchboard BD-96 if 110-volt, 
60-cycle, a-c power is not available. 








7 


Chest Set 


Plug into switchboard BD-96. 








8 


NIGHT ALARM 


Move to ON position tor audible signal 










Move to OFF position when audible signal is 
not desired. 








9 


GROUHNG key 


Move to OFF position for single switchboard 

operation. 




! 

i 








Move to ON position if two swltchlx>ards are 
grouped toj^ether. 








10 


key 


MovB lO 1 poBiiiun lur single swii rntxMiro 
operator. 












Move to 2 position for two switchboard 
operators. 








11 


RINGING 
HAND-KEY 
key 


Move to HAND for hand generator ringing 










Move to KEY for power ringing. 








12 


BATTERY 1-2 
key 


Move to 1 position for operation on first set 
of transmitter batteries 






TART 






Move to 2 position for operation on second 
(spare) set of transmitter liatteries installed 
in rear compartment of switchboard. 






to 


13 


EXT. BAT. key 


Move to OFF position for normal operation. 












Move to ON position if external battery is 
connected to binding posts in top of 
swltchtx)ard. 






U 

U 


14 


night-alarm 


Distant station rings into switchboard. 


Drop shutter 
falls. 




5 
1 




circuits 


^JIGHT ALARM key in ON position. 


Buzzer operates. 


Check batteries. 


O 
u. 
a: 
u 

CL 






Insert answering plug into line jack. 


Shutter is restored 
to normal 
position. 




UIPMENT 


15 


Cord and first 
operator's 
telephone 
circuit 


Operate TALK-RING key to TALK. 


Conversation is 
possible between 
operator and 
distant station. 


Check batteries. 


or 


16 


Ringing and super- 
visory circuits. 


Insert calling cord into desired line jack 
and operate TALK-RING key to RING. 
(RINGING key In KEY position. ) If 
using hand generator (RINGING key in 
HAND position), crank the hand 
generator. 


Bell of called sta- 
tion rings and 
Station answers. 


Check ringing 
source and 
connections 
from power 
ringing 
equipment. 








Distant station rings back. 


Supervisory drop 
falls. 
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DIAL AND MANUAL 
TRUNK ANSWERING 
JACKS 



COMMON BATTERY LINE 
JACK AND LAMP ASSEMBLY 



DIAL, THROUGH LINES, 
AND CONFERENCE JACKS 



MAGNETO LINE JACK 
AND SIGNAL ASSEMBLY 



SWITCHBOARD TEST AND 
OUTGOING LINE JACKS 



OPERATORS JACKS 




Figure 7-12.— Switchboard, BD-89C. 
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A. Line side 

B. Switchboard side 

24.11S 

Figure 7-13. —Cabinet BE -79, main distributing frame. 



lines is mounted on the line side of the pro- 
tectors. The central office side of the protectors 
is permanently wired to a terminal panel 
equipped with 80 binding posts from which the 
lines may be cross-connected to the switchboard 
cable connector binding post terminals or repeat 
coils. 

The switchboard side has three cable con- 
nectors. Each connector consists of a strip of 
insulating material equipped with a row of 50 
binding post terminals (25 pairs) to which the 
switchboard cable conductors are soldered. The 
cables, exclusive of cable connectors, are 21 
feet long. Each cable connector at the switch- 
board end of the cable is made up of two strips 
of insulating material between which is mounted 
a row of 50 spade terminals, so mounted that 
some movement is allowed. 

The 12 coils on the coil rack are mounted 
directly below the protectors in two horizontal 
rows of six coils per row. Each coil is mounted 
separately to simplify removal if replacement 
is required. 



OTHER AUXILIARY EQUIPMENT 

Other auxiliary equipment necessary to oper- 
ate the switchtKDard includes a power service 
panel, power unit, junction box, accessories 
(headset, chestset, ground rods, and cords) 
rectifier, storage batteries, and a power dis- 
tribution or control panel. The latter serves 
both to control the rate of charge of storage 
batteries and to provide ringing current to the 
switchboard. 

The power service panel (fig. 7-14) is 
designated cabinet BE-75. In figure 7-14, it is 
mounted on a rack, along with a rectifier and 
filter reactance. Cabinet BE-75 contains two 
sockets and two outlets for the connections of 
the rectifier and the other power cords. Three 
circuit breakers control the current to the 
sockets. 

The power unit will most likely be a gasoline 
engine driven a-c generating set designed to 
generate 120- volt, single-phase, 60-cycle cur- 
rent. The power unit is used only if another 
source of power is not readily available. 



142 



Chapter 7-WIRE COMMXJMCATION 



CIRCUIT BREAKERS 



CONNECTION 
TO GENERATOR 



A-C PLUG 





RACK 




(FM-30) 



SERVICE PANEL 
CABINET 




26.1U 



Figure 7-14.-Cabinet BE-75, front view. 



The junction box (JB-19) provides a means 
of bringing in 24 volts direct current, 20-cycle, 
a-c ringing power, to the switchboard. It may 
also be used to extend power to a second switch- 
board and to group the current between the two 
switchboards. 

The headset and chestset make up the oper- 
ator's telephone set. The ground rod is used to 
provide the connection to ground required for 
protection of the switchboard equipment. 

The rectifier serves to convert alternating 
current into direct current which is necessary 
to operate the switchboard. Storage batteries 



serve as an emergency source of power. The 
rectifier will most likely be of the selenium- 
disk type (RA-91), but the vacuum-tube type is 
also used (RA-36). 

The panel which controls the rate of charge 
of the storage batteries is designated panel 
BD-98 (fig. 7-15). The power distribution panel 
also contains two interrupters which are used to 
supply ringing current to the switchboard. In- 
terruptor PE-250 supplies the current when a-c 
power is available, and interrupter PE-248 
provides ringing current when only battery power 
is available. 
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Figure 7- 15. -Panel BD-98, front view. 
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INSTALLATION 

One of the problems of Installing a telephone 
central office set is to determine the most 
satisfactory location. It should be centrally lo- 
cated so the length of the telephone lines can be 
kept to a minimum. The main distribution frame 
should be located near an outside wall to facil- 
itate bringing the telephone lines into the build- 
ing for termination. The switchboard should be 
placed in a location that will give the operator 
maximum signal visibility. It should usually be 
located with the face at right angles to the 
window to prevent direct light from hitting the 
eyes of the operator. A space of at least 30 
inches must be provided between the back of the 
switchboard and any wall or obstruction; this 
permits easy access to the rear for maintenance 
and repair. A clearance of at least 2 feet should 
be maintained at a side of the switchboard that 
is adjacent to an area that is to be used as a 
passageway. A minimum of 40 inches should be 
allowed between the keyshelf and the nearest 
wall or obstruction; about 6 feet is considered 
ideal. The batteries must be located as far from 
the switchboard as possible, due to explosive 
and corrosive fumes given off by the batteries. 
Place the batteries near a window for ventilation. 

After your crew sets the switchboard in the 
desired location, see that proper installation 
procedures are followed. 

After setting the MDF in the proper location, 
remove the two covers, and remove the silica 
gel from the cabinet. Disconnect the switchboard 
end of cord CD-298 from the cabinet. 

Set the two storage batteries on rack FM-31 
and place the rack within cable distance of con- 
trol panel BD-98. Place the power unit within 
cable distance of panel BD-98, and have the 
components properly connected. 

If possible, the groimd source should be a 
water pipe or similar buried metallic object of 
good conductivity, having a large area of earth 
contact. If such a groimd source is not available ^ 
drive three ground rods deeply into moist earth 
at least 10 feet apart. Use the procedure for 
grounding as mentioned in setting up the BD-97 
earlier. 



MAKING THE CONNECTIONS 

The connections between components of the 
set are shown in figure 7-16. If 110- volt, 60- 
cycle, a-c power is available, connect cord 
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Figure 7-16.— Telephone central office set 
TC-2, cording diagram. 



CD-393 to the source and to the connector on 
the top panel of cabinet BE -75. 

Be sure that the Junction box JB-19 is 
properly mounted in the switchboard and fasten 
the switchboard spade terminal cable connector 
to the junction box. 



PREVENTIVE MAINTENANCE 

A preventive maintenance program may be 
divided into four basic operations: (1) inspecting, 
(2) tightening, (3) cleaning, and (4) adjusting. 
Inspection is the most important of these oper- 
ations. Minor defects, which do not interfere 
with the performance of equipment, but which 
may lend to a major breakdown, can usually be 
located during a careful inspection. Have one or 
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more of your crew check for the following 
conditions: 

1. Overheating as indicated by discoloration, 
blistering, or bulging of the parts or surface 
of the container; leakage of insulation com- 
pounds; or oxidation of metal contact surfaces. 

2. Placement, by observing that all leads 
and cable are in their original positions. 

3. Cleanliness, by examining all recesses 
in the units for accumulation of dust. Parts, 
connections, and joints should be free of dust, 
corrosion, and other foreign matter. In tropical 
and high humidity locations, look for fungus 
growth and mildew. 

4. Tightness, by testing any connections or 
mountings that appear to be loose. 



Daily Inspection 

Assign someone to make a daily inspection 
of the switchboard exterior, night alarm bell, 
headset, chestset, exterior of MDF, storage 
batteries, and control panel BD-98. Wipe off 
any dirt or dust with a soft, dry cloth; never 
use soap and water. Clean the surface of the 
switchboard key shelf with a soft bristle brush. 
Pull the switchboard cords up as far as possible 
and let them hang down over the key shelf. Dust 
along the cord rail, being careful to prevent 
foreign objects from getting into the cord 
sockets. 

The night alarm bell should be inspected 
whenever a new operator comes on duty. Have 
it tested by operating the NA key to the ON 
position and allowing one of the drop shutters 
to fall to the operated position. The night alarm 
bell will sound if the system is working properly. 

Examine the exterior of the headset and 
chestset for dirt, dust, rust, and corrosion. In 
addition, check for chipped paint or fungus 
growth on the chestset. In wiping off the chest- 
set, be careful to keep dirt or lint from getting 
through the holes into the face of the transmitter. 

In examining the MDF, check for damaged 
places, chipped paint, dirt, dust, rust, corrosion, 
and loose, or missing screws. When tightening 
the screws, be careful not to force them. 

Make the same checks on control panel 
BD-98 as on the MDF; in addition, inspect the 
cable connections to the panel, and examine 
interrupter PE-248 and the meters for cracked 
or broken glass. Remove dirt, dust, and lint 
from the wiring on the rear of the panel with a 
soft bristle brush. 



When inspecting the batteries, check the 
specific gravity and level of the electrolyte in 
addition to the check for cleanliness and tightness 
of connections. Remove corrosion from the 
battery terminals with fine sandpaper or crocus 
cloth. 



Weekly Inspection 

Weekly inspections should be performed on 
the drop shutters, switchboard cords, keys, 
fuses, protector blocks, heat coils, repeating 
coils, and ground rods. Examine the drop 
shutters for bent or damaged latches or bent 
hinge pins. If necessary, adjust the shutter 
latches with the long-nose pliers to prevent the 
shutters from falling to their operating position 
when the switchboard is jarred. Bend the latch 
so that the shutter will fall freely when a call 
is received, but will not drop to the operating 
position when jarred. 

The switchboard cords should be examined 
for dirt, dust, mildew, and fungus. Check the 
cord weights and pulleys for smooth operation. 

Inspect the keys for tightness of mounting 
and loose, cracked, or broken handles. In 
tightening the two screws that hold the keys in 
place, be certain to use the proper size screw- 
driver. A screwdriver that is too large damages 
the screw slots and the bakelite cover. Tighten 
the key handles with the fingers, being careful 
not to exert pressure so great as to cause the 
handles to crack. 

Check the fuses for correct capacity and 
tightness of mounting; tighten mounting screws 
securely, but be careful not to damage the fuse 
by using too much force. 

Examine the protector blocks for cracked 
or broken porcelain and carbon blocks, dirt, 
dust, and foreign matter. Replace any blocks 
that are chipped or broken. Clean the blocks 
with a soft bristle brush; remove any foreign 
object which may be lodged between the pro- 
tector blocks. Use extreme care when brushing 
or you may dislodge a block, thus causing trouble 
on an incoming line. 

Inspect all heat coils for cleanliness and for 
chipped or broken shells. Clean with a soft 
bristle brush. Replace any that are defective. 

The repeating coils should be checked for 
cleanliness and corrosion. Do not remove the 
metal covers of the coils. Examine the coil 
mountings for loose, damaged, or missing 
screws. Clean the coils with a clean, dry cloth. 
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Inspect the ground rods for rust and corro- 
sion. See that the wing bolt at the terminal 
connection is tight. 

Monthly Inspection 

Plugs, relays, capacitors, terminals, binding 
posts, and cables, should be checked on a 
monthly inspection. The switchboard plugs 
should be cleaned with cord plug polish, using a 
clean dry cloth. All residue from the polish 
should be removed after cleaning in order to 
maintain good electrical contact. 

The terminals and binding posts on the 
switchboard and control panel should be in- 
spected for cleanliness and tightness. The 
incoming line connections should be checked for 
good electrical contact. Tighten any loose ter- 
minals with a proper size screwdriver or 
wrench. The terminals and binding posts should 
be cleaned with a soft bristle brush. 

The connecting cables should be examined 
for worn or damaged insulation. The fittings on 
the ends of the cables should be checked for 
tightness and good electrical connection. The 
connections on the cables should be tightened 
as required. 

TROUBLESHOOTING AND REPAIRS 

When trouble in a telephone system arises, 
the first step in effecting repair is to assign 
appropriate members of your crew to determine 
the probable cause of the trouble. Schematic 
diagrams are useful in localizing the fault to a 
particular component. Have the crew make a 
complete visual inspection of the wiring and 
connections to the associated equipment. If no 
wires or connections are broken, the trouble 
must be located by having continuity, voltage, 
and resistance measurements checked. The 
circuit can be followed by using a systematic 
process of elimination. With this method the 
fault can normally be located within a short 
time. You should instruct the individual working 
on the circuit to start at a point where the 
analysis has shown the circuit to be good and 
proceed step by step, eliminating parts of the 
circuit, until the fault is located. 

If visual inspection fails to reveal the source 
of trouble, electrical testing equipment should 
be used. The schematic and wiring diagrams 
must be carefully studied, and tests made until 
the trouble is located. 



The use of a troubleshooting chart will 
simplify fault location. Charts are designed for 
locating troubles in various models of switch- 
boards and equipment. Various troubles are 
listed, together with the probable location and the 
recommended correction. By using these charts, 
troubles can frequently be isolated to one part 
of the equipment, thus saving time-consuming 
checks on trouble-free components. 

Many repairs can be effected by simply 
replacing a fuse, lamp, cord plug, strap, or 
similar item. Other repairs require nothing 
more than cleaning a contact, cord plug, or 
grouping key. Adjusting a screw, a spring, or 
line drop will often make equipment operable. 

Some repairs, of course, are rather complex, 
as for example repairs to switchboard cords and 
repairs to combined jacks and signals. Space 
does not permit a discussion of all such repairs. 
The Army Technical Manual , TMll-340, which 
describes the TC-2 telephone set, contains a 
complete discussion on all phases of mainte- 
nance and repair for the switchboard and 
associated parts. 



TELEPHONE CENTRAL OFFICE SET TC-10 

Telephone set TC-10 is a complete trans- 
portable telephone central office for use at any 
advance base requiring a telephone switchboard 
of the capacity of 1 to 6 switchboards BD-110. 
The number of switchboards to be used in an 
installation is determined by the number of 
lines to be served and by the expected maximum 
calling rate. For each switchboard BD-llOused, 
a maximum of 60 common-battery lines, 30 
local-battery (magneto) lines, and 4 two-way 
trunks may be connected, and a maximum of 15 
conversations can be handled at one time. The 
magneto line circuits can be used for magneto 
lines, toll lines, or inter-office, two-way ring- 
down trunks. The trunk circuits may be used for 
trunks to manual or automatic (dial) exchanges. 
The anticipated normal installation is three 
switchboards BD-110, and this number will 
normally be furnished with telephone central 
office set TC-110. 



SWITCHBOARD BD-110 

The switchboard BD-110 (fig. 7-17) is a 
single-position, two-panel, manually operated 
telephone switchboard. The lower section of the 
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terminal strips. These strips are arranged for 
connection to the binding posts on the terminal 
panel of the same or another switchboard. This 
arrangement permits making rapid multiple jack 
connections between switchboards. A smaller 
spade terminal strip with four flexible cables 
permits connections to battery, ringing, alarm, 
and grouping circuits. The cord circuits are 
fully universal, and can be used to interconnect 
all lines and trunks. 

Each switchboard BD-110 contains the fol- 
lowing circuits: 

1 Operator's telephone circuit 

1 Auxiliary operator's telephone circuit 

1 Dial-cord circuit 
30 Local-battery (magneto) line circuits 
60 Common-battery line circuits 

4 Universal trunk circuits 
15 Cord circuits (fully universal) 

1 Power and heating circuit 

1 Conference circuit (10 Jacks) 

1 Grouping key circuit 

1 Emergency-ringing circuit 

1 Keyshelf and framework ground circuit 



26.n9 

Figure 7-17.— Switchboard BD-110, front view. 

switchboard contains the cords and a rack upon 
which are mounted the cord circuit relays, 
operator's telephone circuit apparatus, univer- 
sal trunk circuit apparatus, and switchboard 
fuses. The upper section of the switchboard is 
occupied by the jack and signal equipment, the 
cabling therefrom, and the terminal panel. The 
terminal panel Is formed by one section which, 
supported by top bolts, can be swung out for ac- 
cess to the jack and signal equipment and wiring. 
The terminal panel provides 800 binding posts 
in 16 vertical rows of 50 binding posts per row. 
Lamp signals are provided for signaling on 
magneto lines. Multiple jacks are provided for 
use when two or more switchboards are used. 
The answering and multiple jacks are wired to 
flexible cables which are equipped with spade 



POWER EQUIPMENT 
Batteries 

Four storage batteries BB-46, connected in 
series by cords CO- 38, provide the 48- volt 
battery required for relay operation, talking 
battery, and so on. Battery BB-46 is a 12-volt, 
75 ampere-hour sealed type battery. One 45- 
volt dry- cell battery BA-26 is required for the 
voltmeter test circuit of cabinet BE -72, and 
twenty 1.5-volt dry-cell batteries BA-23, con- 
nected In series, are required to furnish 30 
volts for the test cabinet BE -70. 



Rectifier RA-36 

The rectifier Is used to charge the 48-volt 
storage battery. It Is a full-wave rectifier 
designed to mount on a rack and to operate from 
a 105 to 125-volt, 60-cycle, a-c power source. 
When used to charge a 48-voIt (24-cell) battery, 
it can be adjusted to charge at a rate of 2 to 12 
amperes. To ensure that the charging current 
does not cause noise in the telephone circuits, 
an external filter reactance, mounted on the rear 
of the rack, is connected In the positive charging 
lead. 
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A. Front view. 

B. Rear view. 

2^120 

Figure 7.18.-Panel BD-90. 

PANEL BD-90 

Panel BD-90 (fig. 7-18) serves as a control 
and connecting point for the 48-volt battery cir- 
cuits, as a source of ringing power for the 



switchboard, and as an alarm panel. The front 
panel is equipped with receptacles and binding 
posts for connection to the battery and rectifier, 
and to the switchboard or other equipment re- 
quiring 48-volts direct current. Circuit breaker 
switches on the panel control the power supply 
to the switchboard or other equipment, and in 
addition protect these circuits against overload. 
The lower part of the front panel is equipped 
with a telering (vibrator-type) power ringer to 
obtain 90-volt, 20-cycle ringing power from a 
110-volt, 60-cycle supply. It is also equipped 
with a vibrating interrupter which has a rin^g 
transformer to obtain ringing power from the 
48-volt storage battery. Equipment is mounted 
on the rear panel for the following circuits: 

1 Contact protection circuit for the ringing 
interrupter 

1 Night alarm circuit (including the battery 
supply fuses for the line lamps on the 
switchboard) 

1 NO-voltage alarm circuit (ringing voltage 
alarm) 

1 Fuse alarm circuit 

1 Voltage supply circuit for cabinet BE- 72 
voltmeter test circuit 



POWER SUPPLY 

The telephone central office set TC-10 is 
designed to operate on a commercial source of 
110-to 120- volt, 60-cycle alternating current. 
A 50-foot cord CD-393 is provided to connect 
a 110-volt outlet to the a-c distribution cabinet 
BE-75. When commercial power is not avail- 
able, two power units PE-75, included with the 
set, can be used to furnish the power. Each of 
these units consists of a gasoline-engine coupled 
to an a-c generator. This generator will deliver 
2500 watts at 120 volts and 60 cycles. A 50-foot 
cord CD-409 is provided to connect power unit 
PE-75 to the a-c distribution cabinet BE-75. 



TEST AND POWER DISTRIBUTION EQUIP- 
MENT 



Cabinet BE- 72 

In use, cabinet BE -72 (fig. 7-19) is mounted 
on top of a centrally located switchboard. In 
this position, it serves as a distribution point 
for the power and alarm leads and as a test 
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Figure 7-19.— Cabinet BE -72, front view. 



panel for the cord circuits and line circuits of 
switchboard BD-110. The switchboard circuits 
may be given routine tests by using jacks A to J. 
The equipment located above these jacks is 
associated with the voltmeter test circuit. The 
lines and trunks connected to switchboard BD- 
110 may be tested by using this circuit. An 
additional feature permits ringing the bells on a 
line having a receiver off the hook if the bells 
are connected between either side of the line and 
ground. 



Cabinet BE-70 

The wire chief's test cabinet BE-70 contains 
a 100,000-ohm, d-c voltmeter having a range of 
0-40 volts with keys and connections which 
enable the testman to test for and locate 
practically all line faults. Provision is made 
for connecting a Wheatstone bridge to the line 
under test, for talking and ringing on the line 
under test, and for talking on call wires or 



trunks to operators, testmen, and so on. In 
use, the cabinet is placed on top of packing 
case CS- 70, for ease of operation. (For additional 
information on the BE-70, refer to TM 11-345.) 



LOCATION 

Telephone central office set TC-10 should be 
installed in a protective enclosure. In humid 
climate, choose as dry a location as possible. 
In dry desert country, or in cold climates where 
the ground is frozen to a considerable depth, 
choose a location near a good source of ground 
if possible. The equipment may be located as 
desired, with the limitations as shown in fig- 
ure 7-20. 

The batteries and power units PE-75 should 
be installed in an enclosure separate from the 
switchboard to keep the switchboard room 
reasonably quiet and free from battery fumes 
and exhaust fumes. 
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Figure 7-20.— Cording diagram of telephone central office set TC-10. 
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Figure 7-21 shows a silggested floor plan 
where space is limited. Figure 7-22 illustrates 
a preferred arrangement using two rooms. 
Where a large room is available, the setarrange- 
ment may be similar to the setup shown in 
figure 7-23. The room shown is approximately 
25 feet long. Space between the different com- 
ponent and between the equipment and the walls 
is essential for proper maintenance. 

When choosing alocationfor the switchboard, 
consider the switchboard operator. Best oper- 
ator performance can be obtained in a well- 
ventilated room which is not brightly lighted. 
Bright lights on the face of the switchboard 
makes the signal lights hard to see. Keep noise 
down so that the operator can easily hear. 



SETTING UP EQUIPMENT 

Have your crew set the required number of 
switchboards in place and instruct them to erect 
the main distributing frame. Using as many 
frames FM-19 as the number of switchboards 
BD-110 installed. Then properly set in place 
the frame which will l)e nearest the switchboard. 
Have the small parts and adjacent frames FM-19 
assembled in the order shown by the numbers in 
figure 7-24. 
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Figure 7-21.— Suggested floor plan for 
telephone central office 
set TC-10 in one room. 
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Figure 7-22. —Suggested floor plan for telephone central office set TC-10 In two rooms. 



If possible, locate a good ground source such 
as a water pipe or other buried metallic object 
of good conductivity having a large area of earth 
contact. If this is not possible place ground rods 
as mentioned previously in setting up telephone 
central sets TC-2 and TC-4. 



CONNECTING EQUIPMENT 

All connections between units of equipment, 
except the connections to cabinet BE -70, are 
shown in figure 7-20, Before any of your men 
make any connections be sure that they place 
the switches on panel BD-90 rectifier RA.36, 
and cabinet BE -75 in the OFF position. 

One of the final operations will be to connect 
the four storage batteries BB-46 in series, 
using cords CO-38, to form a 48-volt group. 
Connect the battery to the BAT CABLE outlet 
of panel BD-90 using cord CD-335. 

CAUTION: Poor connections at the battery, 
liable to arcing, are a fire hazard. 

When an outside source of power is not 
available, connect cord CD- 409 from power 
unit PE-75 to cabinet BE.75. 



PREOPERATIONAL CHECK 

After your crew has set up the telephone 
central office set TC-10, you should have them 
make the following preoperational check: 

1. Place the MAIN circuit breaker switch 
of panel BD-90 to the ON position. The voltmeter 
must read approximately 50 volts. A reading 
much different than this indicates wrong battery 
connections and must be corrected before 
proceeding. 

2. Operate the switch of cabinet BE -75 to 
connect the power to rectifier RA-36. Set the 
rectifier coarse adjustment plugs to holes No. 8. 
Make sure that neither fine adjustment (lower) 
plug is inserted. Then operate the switch on the 
rectifier to the ON position. If both bulbs light, 
insert the fine adjustment plugs into the holes 
marked LOW. The ammeter on panel BD-90 
should show a small current in the charge 
direction. 

3. Operate the G key on the rear of panel 
BD-90 to the TEL position. The no- voltage 
alarm buzzer will sound. Operate the switch of 
cabinet BE -75 which controls the telering ringer. 
The alarm buzzer should stop. Indicating proper 
operation of the telering. 
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26.125 

Figure 7-23,— Telephone central office set TC-10, assembled* 



4. Check the fuse alarm circuit by tempo- 
rarily connecting the alarm stud of a fuse block 
to the battery. The fuse alarm buzzer should 
soimd. Test fuse blocks on the rear of panel 
BD-90 and of switchboard BD-110. 

5. When possible, test the cord, line, and 
trunk circuits. 



MAINTENANCE 

Maintenance procedure for the TC-10 will 
be similar to that of the TC-2. However, as the 
supervisor, you should make up a routine mainte- 
nance check sheet and see that it is followed. 



Field wire (transmission) line is a major ele- 
ment in all telephone systems. 

PLANNING 

As chief or first class Construction Elec- 
trician you may be asked to help plan the 
installation of the field wire lines. In the planning 
of field wire lines, consideration should be given 
to the type of line required, the service qualities 
of the proposed line, and route to be followed. 
Careful planning and construction of a line will 
result in a reduction of maintenance, improved 
transmission, and a saving of time, labor, and 
materials. 



OUTSIDE TELEPHONE PLANT SYSTEMS 

The preceding paragraphs discussed the 
various types of advance base telephone central 
office sets. Telephone sets, switchboards, and 
their components were explained in detail, but 
nothing was said about the outside plant system. 



Selecting the Type of Line 

To determine the type of line to be built, the 
primary factors are: (1) the type of equipment 
available, (2) the number and quality of circuits 
required, (3) the length of the line, and (4) the 
time available for installation. 
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Figure 7-24.— Distributing frame, assembly dia- 
gram. 

Service Qualities 

To estimate the service qualities of the 
proposed line, consideration should be given to 
the relative transmission characteristics of the 
different types of field wire when laid on the 
ground, when buried, or when installed aerially 
on overhead supports. 

Overhead lines, in general, give longer 
transmission ranges and provide greater 
physical protection for the circuit than other 
types of construction. 

In surface-line construction, reliability is 
directly proportionate to the care and skill exer- 
cised in installation. Surface lines laid carefully, 
with consideration to ties, road crossings, and 
other means of protection, provide a reliable 
type of line suitable for certain advanced base 
requirements. On the other hand, wire lines laid 
rapidly on the ground without regard for policing 
require immediate and continuous maintenance, 



and are justifiable usually ONLY under EMER- 
GENCY conditions. 

Selection of Route 

When the line is planned, the shortest and 
most effective route should be selected to allow 
construction with a minimum of time and mate- 
rials. Factors that should be considered are the 
availability of materials, equipment, and con- 
struction personnel; traffic requirements; spe- 
cific requirements for the line; and the terrain, 
which should include a study of the map of the 
area, supplemented by ground reconnaissance. 
Difficult terrain should be avoided to reduce 
the need for special construction and to reduce 
the loss in speed and efficiency. 

Continuous liaison should be maintained with 
all units engaged in road building and road im- 
provement to avoid routing lines where there 
is a possibility of damage to the line from road 
construction. If it is imperative that wire lines 
be laid along roads where construction work is 
being done, maintain coordination with con- 
struction units to guard against unnecessary in- 
terruption to wire communication. Where there 
is a possibility that the initial type of installation 
will require a change to a more permanent type 
or where the lines may be used again by the 
same unit or another unit in the event of a move, 
choose the route that will make the change as 
easy as possible. Wherever possible, avoid com- 
pact or built-up residential areas. Wire facilities 
are difficult to install and maintain in congested 
areas. Use a cross-country route whenever 
practicable. Before the wire lines are laid, you, 
as construction chief, should reconnoiter the 
route. 

Before you get started on the construction, 
you should look for the following features along 
the route: 

1. Number of overhead crossings 

2. Number of underground crossings 

3. Number of railroad crossings 

4. Type of terrain and the type of construc- 
tion best adapted to available wire-laying equip- 
ment. 

5. Number of stream crossings 

6. Distance in miles 

7. Any obstacles to maintenance 

The next step is to select and mark clearly 
on a map the exact route along which the wire 
is to be laid. If no map is available, sketch a 
map of the area using some identifying objects 
along the route. 
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SURFACE-LINE CONSTRUCTION 

Surface-line construction has two principal 
advantages: (1) A minimum of time is required 
for installation, and (2) loosely laid wires are 
less vulnerable to bombing than other types of 
construction. The two main disadvantages are: 
(1) Surface lines may become unserviceable in 
wet weather as a result of leakage to the ground, 
and (2) surface lines may be easily broken by the 
movement of personnel and vehicles. 

In setting up surface-line construction, you 
should instruct your crew to proceed as follows: 

I, Before starting construction, test the wire 
for the circuits to assure the continuity of each 
reel. Reels of wire that do not show a continuous 
circuit when tested are not used until the wire 
has been serviced. 

2* At the starting point, tag the free end of 
the wire with the circuit designation. Place this 
tag 1 foot from the end of the wire. 

3, Leave enough wire at the free end to 
reach the switchboard terminal strip or other 
installation, and tie the wire into some fixed 
object. 

4, Connect the free end of the wire to the 
construction center terminal strip when one has 
been installed, to the switchboard terminal 
strip or to a telephone set. 

5, After each splice is completed, test back 
to the starting point from the far side of the 
splice to assure continuity of the circuit. To 
avoid making pinholes in the wire insulation 
from test clips, test the bare wires from the 
far side of the splice before taping is started. 
During the taping process, be careful not to 
cause circuit trouble. When connections are 
made at terminal strips, make a test from the 
far side of the connection back to the starting 
point. All circuits should be tested before they 
are reported. 

Test Stations 

To facilitate the testing and rearranging of 
circuits, test stations should be installed on a 
wire line. Test stations may be located at points 
where circuits diverge, at the end of a wire line 
that does not terminate in a switchboard, near 
points where circuits are most exposed to 
damage, at probable future locations of ex]Dan- 
sion, or at other convenient points on the line. 
When a unit is located where a test station has 
previously been installed, the test station can 
be converted easily into a telephone central. 



Connections Between Surface Lines and Pole 
Lines 

Connections between surface lines and pole 
lines are made conveniently at established 
terminals or test stations. Whenever such con- 
nections are made, tie the surface line securely 
and tag it at the base of the pole at which the 
connection is made, then tie the line again just 
above the crossarm or terminal where the lines 
connect. 



AERIAL CONSTRUCTION 

A line attached to trees or other supports- 
to provide the necessary clearance from the 
ground surface constitutes an aerial line. Cable 
that is intended to be laid directly on the ground 
but that is casually supported by underbrush or 
thickets is classified as ground-surface con- 
struction. The aerial construction method and 
techniques will not be discussed in this manual 
(discussed in CE 3&2). However, you are re- 
sponsible for supervising the installation of 
aerial lines on poles, trees, or 4 X 4 sawed 
lumber or equivalent. 



DIAL TELEPHONE SYSTEM 

It is not the intent of this manual to cover 
the dial telephone system in its entirety, but to 
discuss some of the fundamentals dealing with 
the central office building requirements, auto- 
matic functions, trunking equipment, the attend- 
ant's switchboard, test desk, main distributing 
frame, and the power, alarm, and metering 
equipment. 

When you are assigned a project of installing 
a dial telephone system, you will receive a 
number of manufacturer's drawings showing 
cabling, system schematics, supervisory cir- 
cuits, equipment locations, and interconnections. 
You should become thoroughly familiar with 
these plans so you can properly supervise the 
operation of your crew. 



CENTRAL OFFICE BUILDING REQUIREMENTS 

The site selected for a dial central office 
building should be slightly higher than its 
surroundings to ensure adequate drainage. Avoid 
low-lying sites which are likely to flood or 
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remain excessively damp after heavy storms. In 
areas with heavy prevailing rainfall and poor 
natural drainage, the main floor of the building 
must be well above ground, and must be pro- 
tected by earthworks and ditches. 



Space Requirement 



The building should be of such size and shape 
that the various unitsof equipment can be located 
for most efficient operation and maintenance. 

If the central office is to include an attend- 
ant's switchboard for the manual servicing of 
certain calls, the switchboard should be in- 
stalled in a separate room. This will help to 
isolate the operators from the noise made by 
the stepping switches. 

The switching equipment and the power 
equipment may be installed in one room. It is 
desirable, however, to install the switching 
equipment in a separate room to minimize 
preventive maintenance. The central office bat- 
tery is often installed in a separate, ventilated 
room, as close to the power board as possible. 
Modern sealed-type wet cells may be installed 
in the switchroom proper. If this is done, how- 
ever, the room should be air-conditioned. 



Floor Loading 

Generally you will not be concerned about 
the floor load of any new structure for housing 
dial telephone system equipment. If the system 
is to be located in an old building, the floor 
joists and support should be carefully inspected. 
If you feel that you are not qualified to make the 
inspection, you should check with the Chief 
Builder or some other competent personnel to 
ensure adequate safety of the floor. If repairs 
are necessary, they should be completed before 
moving the equipment into the building. 



External Power Source 

AN ADEQUATE SOURCE OF 3-PHASE,220- 
VOLT, 60-CYCLE POWER MUST BE AVAIL- 
ABLE for dial systems. If power source is not 
available, be sure that it is provided, before any 
communication equipment is installed. Also see 
that adequate lighting is provided. 



AUTOMATIC FUNCTION 

The central office equipment required to 
establish automatically a connection between 
two telephones is known as a link. The simplest 
link exists in an exchange servicing less than 
100 telephones. This link is made up of two 
elements, a linefinder and a connector. In an 
exchange serving more than 100 lines and less 
than 1000 lines, a link consists of a linefinder, 
a selector, and a connector. In an exchange of 
more than 1000 lines and less than 10,000 lines, 
a link consists of a linefinder, a first selector, 
a second selector, and a connector. 

The equipment required to establish auto- 
matically a connection between two telephones 
served by a 100-line system consists of tele- 
phone lines connecting the telephones with the 
exchange, line equipment relays, a linefinder, 
and a connector. 

Each telephone has its own individual line, 
consisting of two metallic wires that connect it 
to the central office. These wires may be strung 
with others on crossarms of poles, or they may 
be a pair of wires in an aerial cable or an 
underground cable. The telephone lines are 
connected to the inside equipment through the 
main distributing frame. 

Each line served by the exchange is con- 
nected to line-equipment relays. When the 
handset of a calling telephone is picked up, the 
line-equipment relays actuate linefinder guard- 
circuit relays to seize an available linefinder. 
Another function of the line-equipment relays 
is to busy out the line (make the line unavailable 
for other calls) while the telephone is being used. 

All the linefinders that serve a group of 
telephones are controlled by a guard circuit. 
The relays of the guard circuit, actuated by the 
line-equipment relays, function to seize an 
available linefinder. Tens and units relays in 
the linefinder, corresponding to the tens and 
units digits of the calling telephone, operate 
to extend the call to an available connector. 
The guard circuit prevents seizure of a line- 
finder by more than one telephone line if two or 
more handsets are picked up simultaneously. 
After causing a linefinder to be seized, the 
guard-circuit relays drop out of the circuit to 
become available for another call. 

When a line is extended to a linefinder, the 
connector control relays are actuated to seize 
an available connector. Dialing the first digit 
of the called telephone causes the proper con- 
nector tens relay to operate. Dialing the second 
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digit causes the desired connector units relay 
to operate, thus completing the connection be- 
tween the calling telephone and the called 
telephone. 

Links are wired in parallel (multiple) to the 
telephone lines. This arrangement makes it 
possible for any one of the links to complete a 
connection from any calling telephone to any 
called telephone in the group. The number of 
links wired in parallel for the group is based 
on the expected calling rate or the number of 
simultaneous calls, because one link is engaged 
for each talking connection. The lines from all 
telephones in the group are connected to both 
the linefinder and connector of a link. 

Figure 7-25 shows how the talking connection 
is established through the linefinder and con- 
nector of a link. One wire is used to represent 
each line, and only 30 lines (three groups of 10) 



are shown to illustrate the principles involved. 
The wires for each group of 10 lines are con- 
nected to contacts of the linefinder tens relays 
and to the contacts of the connector tens relays. 
In both the linefinder and the connector, there 
are 10 relays to accommodate 100 lines. These 
relays are numbered to correspond with the tens 
group of lines connected to the relays: F-10, 
F20, and so on through F-00 in the linefinder; 
C-10, C-20, and so on through C-00 in the 
connector. The contacts of the linefinder tens 
relays, with identical units digits, are wired in 
parallel and are connected with the contacts of 
the correspondingly numbered units relays. For 
example, the contacts of tens relays F-15, 
F-25, and F-35 are wired in parallel and 
connected with the contacts of relay F-5; the 
contacts of ten relays F-41, F-61, and F-81 are 
wired in parallel and connected in parallel with 



LINES 




Figure 7-25.— Simplified schematic diagram of link. 
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the contacts of relay F-1. Similarly, in the 
connector, the tens relay contacts that have 
identical units numbers are wired together, in 
parallel, to the contacts of individual connector 
units relays numbered C-1, C-2 and so on 
through C-0. 

When the handset of the calling telephone 
is lifted, the linef inder tens relay corresponding 
to the tens digit of the calling telephone oper- 
ates, connecting all 10 lines of the group to 
their corresponding linefinder units relays. The 
units relay corresponding to the units number 
of the calling line then operates automatically 
and extends the calling line to the connector. The 
number of the called telephone must now be 
dialed to complete the connection. Dialing the 
tens digit causes a connector tens relay to 
operate, connecting its associated 10 lines to the 
connector units relays. Dialing the unit digit 
causes the operation of one of the units relays, 
and the talking connection is completed. For 
example, in a call from telephone 22 to telephone 
34 (fig. 7-25), linefinder relays F-20 and F-2 
operate automatically when the handset is lifted, 
to connect the calling telephone to the connector 
control relays. Dialing 34, the number of the 
called telephone, causes connector relays C-30 
and C-4 to operate and complete the talking 
connection. 

TRUNKING EQUIPMENT 

Provisions are made in dial exchanges to 
permit the telephones served by the exchange 
to be connected with other exchanges. If the 
other exchange is automatic, the circuits that 
provide connections between the exchanges are 
called auto-to-auto trunks. If it is manually 
operated, the circuits that provide connections 
between the exchanges are called central office 
(city) trunks; the designation "city" is found on 
the exchange equipment, and usually indicates 
auto- to- manual trunks. Calls from attendant's 
switchboard (cabinet) to telephone users are 
made over circuits called out -dial (or local-dial) 
trunks. 

Nondial telephones operating over common 
battery lines or over magneto lines may be 
served by a dial exchange. In such cases, the 
common battery and the magneto lines are con- 
nected with the attendant's switchboard of the 
dial exchange. Such arrangements permit the 
attendant to establish connections manually be- 
tween the dial telephones of the exchange and the 
nondial telephones connected with it. 



In most dial exchanges, dialing the digit 0 
connects the telephone with the attendant's 
switchboard. Similarly, dialing digit 9 connects 
the telephone with a distant manually operated 
exchange, and dialing digit 8 connects the calling 
telephone with a distant automatic exchange. 

The term ''attendant's switchboard" is the 
official terminology for the equipment often 
described by telephone personnel and in manu- 
facturer's specifications and drawings as the 
attendant's cabinet. Such a switchboard may 
consist of one or several complete switchboard 
sections or positions, depending on the size of 
the exchange, the expected calling rate, and the 
types of service to be provided by the central 
office concerned. 



ATTENDANT'S SWITCHBOARD (CABINET) 

The attendant's switchboard provides facil- 
ities for an attendant to establish talking con- 
nections manually when they can not be dialed, 
and also to furnish information. Calls to and 
from magneto and common battery lines can b* 
handled at the attendant's cabinet. Informatiofi 
and out-dial trunks permit calls to and fromth« 
attendant, respectively. Central office trunks 
terminate at the attendant's cabinet and can be 
connected to any telephone served by the ex- 
change. The attendant's switchboard is equipped 
with several cord circuits to establish the 
desired connections, and the attendant's tele- 
phone can be connected to these cord circuits. 



Cord Circuit 

A cord circuit is used by the attendant to 
interconnect circuits or trunks terminating at 
the attendant's cabinet. In addition, the attendant 
uses a cord circuit to initiate or to answer a 
call. The cord circuit is associated with equip- 
ment that also permits the attendant to dial. When 
a call has been terminated, the signal associated 
with the cord circuit notifies the attendant to 
disconnect the circuits. 



Telephone Circuit 

The attendant's telephone circuit enables the 
attendant to talk on any circuit terminating at the 
attendant's cabinet. The circuit further provides 
talking battery and arrangements for connecting 
the attendant's headset to any cord circuit. 
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TEST DESK 

The test desk is used to test outside plant 
facilities (line and telephones) served by the 
exchange. To test the quality and condition of 
the outside lines, measurements are made of 
line resistance, and of line leak resistance be- 
tween conductors and between conductors and 
ground. Other tests are made for foreign 
battery on the lines, proper connection of tele- 
phones, correct dial speed, and proper ringing 
of called telephones. Tests may be made from 
the test desk through a test connector, a test 
shoe, or test clips. 

A test connector may be used to connect a 
particular line to the test desk. The test con- 
nector is first engaged and then, by dialing the 
last two digits of the desired telephone, a line 
is connected to the test desk so that tests can 
be made. 

The line to be tested may be connected to 
the test desk by a cord that terminates in a 
test shoe or in test clips. These clips are at- 
tached to the line at the main distributing frame. 

When a headset is not replaced on the hook- 
switch of a telephone, a howler tone may be con- 
nected to the line at the test desk. The receiver 
then emits a howl to call attention to the need of 
replacing the handset. A switch in the test desk 
is used to connect the howler equipment to any 
desired line through a test connector. 



MAIN DISTRIBUTING FRAME 

The main distributing frame serves two 
functions, (1) to connect the inside equipment 
with the outside lines, and (2) to interconnect 
various units of the inside equipment. 

The outside-line wires normally are ter- 
minated on protector terminals on what usually 
is referred to as the vertical side of the MDF. 
The protectors protect the inside equipment to 
which the line is connected from high-voltage 
damage caused by lightning and from damage 
that might be caused by lower, but harmful, 
foreign voltages. Such voltages may be intro- 
duced by contact between telephone lines and 
power lines. 

The cables from the inside-line equipment 
normally are terminated on what usually is 
referred to as the horizontal side of the MDF. 

The line wires on the vertical side of the 
frame are connected to the inside-line equipment 



on the horizontal side of the frame by cross- 
connection wires (jumpers). These jumpers 
connect the line terminals to the terminals of 
the inside equipment required for a particular 
line or service. 

The terminal blocks on the horizontal side 
of the MDF may be used to make semipermanent 
connections between units in the exchange. 



POWER, ALARM, AND METERING EQUIP- 
MENT 

The power equipment is made of all the 
components necessary for the generation, stor- 
age, and control of energy for an automatic 
exchange. This equipment includes the motor- 
generator sets, the battery, the power panel, the 
alarm equipment, and the metering equipment. 



Motor Generators 

The dial exchange is equipped with two 
motor-generator sets. Each motor operates 
from a 220-volt, 60-cycle, 3-phase supply, and 
each generator will supply a maximum of 25 
amperes at a constant potential of 51.6 volts. 
Under normal or light load operating conditions, 
one motor-generator set will supply the d-c 
needed by the exchange, and enough to keep the 
exchange battery charged. Under heavy exchange 
load conditions, or when a battery is almost 
completely discharged, both motor-generator 
sets may be operated simultaneously. 



Battery 

The dial exchange is usually equipped with 
a 24-cell lead-acid type storage battery, which 
will furnish d-c for the exchange when the 
motor-generator sets are not in operation. The 
battery and the motor-generator sets are con- 
nected in parallel, so that any one of the three 
sources can supply the energy required to oper- 
ate the exchange. 



Power Panel 

The power panel contains the control ele- 
ments, fuses, and power meters related to the 
distribution of power to the units in the exchange. 
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Alarm Equipment 

The alarm equipment provides a means of 
notifying the operating personnel of trouble in 
the system. The alarm lamps and buzzers 
mounted on the power panel operate when a fuse 
in any of the units of the exchange is blown. 
Each alarm lamp is labeled with the name of the 
unit It serves. 



Metering Equipment 

Several counter-type meters, labeled CALL 
and OVERLOAD, are mounted on or near the 
power panel. The call meters register the num- 
ber of calls handled by various units of the 
exchange. The overload meter registers the 
number of times the various units in the exchange 
become overloaded (capacity exceeded by the 
traffic demand). 



INTEROFFICE COMMUNICATIONS SYSTEMS 

An interoffice communicating system is used 
to transmit orders and information among 
officers that are only a short distance apart. 
Frequently such offices are in the same building. 
Intercoms are not used at all advanced bases; 
if they are used, and there is no I. C. Electrician 
attached to the base, the job of installing, main- 
taining, and repairing them usually falls to the 
CE. 

Assembling an intercom set requires con- 
siderable knowledge of the principles of elec- 
tronics. For this reason, intercom sets intended 
for use at advanced bases are packed ready for 
operation. By observing a few simple rules and 
following the wiring diagram (fig. 7-26) that 
accompanies the set, you should be able to make 
the installation without difficulty. 

An intercommunicating system consists of 
one or more master stations, a junction box, 
one or more remote speaker units, and the wire 
necessary to make the connections. One type of 
intercom set used by the Seabees is shown in 
figure 7-27. The master station (chassis shown 
in fig. 7-28) has a capacity of 12 remote 
speaker-microphone units; however, if one or 
more of the remote units are master stations 
or If one or more of the remote units are con- 
nected to the call-in circuit, the capacity of the 
system is only 11 remote stations. 

The basic partsof the master station consists 
of a 3-tube chassis, a speaker-microphone, and 



a selector switch panel. The parts are installed 
in a wooden cabinet. A combination volume con- 
trol and ON-OFF switch is mounted directly 
below the selector switch panel. The pilot light 
is illuminated at all times when the switch Is on. 

A 3-positlon switch at the center 
of the cabinet front controls talk-listen or idle 
position. The speaker microphone is mounted 
inside the cabinet behind the grill on the front 
panel. A junction box, used for interconnection 
to remote stations is attached to the chassis by 
flexible cable. An a-c power cord is attached 
to the chassis. 

The switch panel consists of the selector 
switches (12 for the model shown), a space 
above each switch for identifying the station, 
and an annunciator for each switch. (All Inter- 
coms are not equipped with annunicators.) The 
switches have three positions: OFF, ON, and a 
third position to operate annunciators on a 
remote annunciators master station unit. 

The annunciators are solenoid plungers 
mounted above each station selector switch. 
When the button atop a remote speaker micro- 
phone is depressed, or when a switch on a remote 
master unit is pressed down, a buzzer at the 
master station sounds, and the annunciator 
above the switch for the calling station springs 
outward. The annunciator remains out until the 
call is answered; it should be pushed back to its 
normal position at the same time that the selector 
key is raised to answer the call. 

The talk-listen lever is a 3-position switch. 
The three positions are IDLE, LISTEN, and 
TALK. Under normal operating conditions, the 
lever should be left in the idle position. The 
idle position should be used to determine whether 
a station to be called is in communication with 
another station. Leaving the lever in the idle 
position, flip the selector of the station that is 
to be called. If no other station Is conversing 
with this station, press the lever to the talking 
position and speak Into the master station. If 
the system has only one master unit, you may 
press the lever Into the talk position without 
going through the idle position, since remote 
speaker microphone units cannot communicate 
with one another. 



INSTALLATION PROCEDURES 

Any combination of master stations and 
speaker microphone units up to the capacity of 
the master station can be used. Where It is not 
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A. Master station. 

B. Remote unit. 26.i29x 
Figure 7-27.— Intercom Model 700 series set. 

necessary for remote stations to communicate 
among themselves, only one master station will 
be installed; this is the usual case. (Figure 7-29 
shows a circuit with all remote speakers con- 
nected to call-in line.) 

Install the master station within reach of a 
110-125 volt, 50-60 cycle a-c power outlet. The 
master station and the speaker microphone units 



should be placed on the desks or in the working 
spaces of the personnel who will use them. If 
some of the units are installed outdoors, take 
the necessary precautions to protect them from 
adverse weather conditions. 

The size of the wires to be used in making 
connections between units is governed by the 
length of wire. For the voice lines. No. 22 to 
No. 19 twisted pair wire is used. The maximum 
wire resistance permissible will be stated in the 
operating instructions. For the model shown in 
figure 7-26, the maximum resistance is 50 ohms 

per pair. The amount of wire determines the 
wire size to be used. No. 22 wire gives a re- 
sistance of 32 ohms per 1000 feet, and No. 19 
wire gives a resistance of 16 ohms per 1000 feet. 
The larger sizes of wire (lower number) should 
be used when great amounts are necessary to 
connect the units. 

The wire resistance of the annunciator lines 
must be kept below 15 ohms per pair. Normally 
No. 14 wire (which gives 4 ohms per 1000 feet) 
or No. 16 wire (which gives 8 ohms per 1000 
feet) is used. 

All connections to a master station unit are 
made on the junction box; the wires are soldered 
to their respective terminals on the terminal 
strips. Connections to the speaker -microphone 
units are made by connecting the wires to termi- 
nal screws on the bottom of the unit. On models 
having annunicators, the annunicator wires are 
attached to the pushbutton terminal block. 

Be sure that the interstation wires do not 
cross hot pipes. The wires should never be 
placed where they are in danger of being covered 
by water. 

After the wiring is installed, check the re- 
sistance with an ohmmeter. Make certain that 
the maximum permissible resistance is not 
exceeded and that there are no opens, grounds 
or shorts. 



MAINTENANCE AND REPAIR 

Many of the maintenance and repair instruc- 
tions that apply to switchboards apply equally 
to intercom systems. In general, preventive 
maintenance techniques consist of five steps: 

1. Feel 

2. Inspect 

3. Tighten 

4. Clean 

5. Adjust 
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Top View of Chassis 




Bottom View of Chassis 

2A.1M 

Figure 7-28.— Chassis of a Model 700 intercom master station. 



The feel operation is necessary to check and 
determine if electrical connections or bushings 
are overheated. Feeling indicates defects re- 
quiring corrections. 

Inspection is, of course, the most important 
operation in the preventive maintenance pro- 
gram. Check for the same four conditions that 
you check on a switchboard: 

1. Overheating 



2. Placement 

3. Cleanliness 

4. Tightness 

The tightening, cleaning and adjusting oper- 
ations are self-explanatory. 

Table 7-2 lists the most common types of 
troubles that you are likely to encounter in an 
intercom set. 

Components in intercom sets are readily 
accessible and may be easily replaced if found 



163 



CONSTRUCTION ELECTRICIAN 1 & C 




2*. 1 31 

Figure 7-29.— Twelve station intercom system layout. 



to be faulty. When a defective component such as 
a burned-out resistor or transformer, is located, 
remember that the cause of the condition may 
be in some other part of the circuit. U the cause 
is not located and corrected, the new part will 
be burned out in the same way as the one that 
was replaced. 



TROUBLESHOOTING 

When trouble develops in an intercom system 
which has been properly installed and has been 
operating properly, the fault will usually be in 
one of the units of the system rather than in the 
interstation wiring. If the fault is in the inter- 
station wiring it can easily be traced because 



the units will usually operate properly on some 
branches of the system. Once a fault has been 
traced to some particular unit it can sometimes 
be located by sight or smell (burned out resistors 
and shorted transformers) but most faults must 
be traced by checking voltages and resistances. 
In troubleshooting ALWAYS REMEMBER: 

1. Noise or hum may be mechanical noises 
picked up by the microphone and amplified 
at the master station; or it may be caused 
by office equipment, or other external 
causes. 

2. The majority of master station trouble 
can be traced to faulty tubes. Replace the 
tubes with a set of tubes known to be good 
before becoming involved in major 
trouble- shooting procedures. 
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Table 7-2. Troubleshooting Chart For Intercom System. 



Trouble 



Probable Cause 



Remedy 



1. Pilot lamp and tubes do not light 
when switch is on. 



2. Low volume and distortion. 



3. Unit operates properly but with 
60-cycle hum. 



4. Pilot light operates and tubes 
light but unit does not operate. 



5. Unit operates properly on some 
stations but not on others. 



Power supply not on. 



Defective switch on 
volume control. 

Poor connections in 
power supply. 

Tube filament 
failure. 

Defective tube. 



Defective filter 
capacitor. 

Defective tube. 



Open or leaky filter 
capacitor. 

Ground or leak in 
unit or in external 
wiring (hum occurs 
only when selector 
key is up). 

Defective tubes. 



"B." supply shorted 
or open. 

Open or shorted 
resistors. 

Loose or broken 
wiring. 

Open or short In 
interstation wiring. 

Open contacts on 
selector switch. 



Test power supply. 



Short out test. 



Check circuit with ohmmeter. 



Check tubes. 



Replace with tube known to be 
good. 

Replace filter capacitor. 



Replace with tube known to be 
good. 

Replace filter capacitor. 



Check from wire to chassis or 
ground with ohmmeter. Re- 
sistance should be over 
100,000 ohms. 



Replace with tubes known to be 
good. 

Check circuits for open with 
ohmmeter. 

Check all voltages. 



Check by visual inspection. 



Check interstation wiring with 
ohmmeter. 

Check contacts on selector 
switches and clean with dry- 
cleaning solvent. 
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Table 7-2. Troubleshooting Chart For Intercom System. (Continued) 



Trouble 


Probable Cause 


Remedy 


6, Feed back howl or hum. 


Acoustical feed back 
from nearby unit. 


Reduce volume. 




Input and output 
wiring too close. 


Isolate circuits. 




Open filter capac- 
itor. 


Replace capacitor. 


7. Distortion and low volume. 


Open or leaky 
coupling capacitor. 


Replace capacitor. 




Low "B'' supply 
voltage. 


Check supply voltage with 
voltmeter. 




Defective tube 
(exclusive of 
rectifier tube). 


Replace with tube known to be 
good. 




Voice coil of 
speaker rubbing. 


Replace speaker. 



Before parts are unsoldered the position of 
the leads should be noted. If the part has several 
connections to it, each lead should be tagged. 
Care should be taken that other leads are not 
damaged by being pulled or pushed out of the 
way. 

You should remind your crewof the following 
facts when they are to solder connections: 

1. A carelessly soldered connection may 
create a new fault. 

2. A poorly soldered joint is a very difficult 
fault to locate. 

3. It is easy to allow drops of solder to fall 
into the set. 

4. Drops of solder in a set may cause a short 
circuit. 

These points should particularly be remem- 
bered when leads are being soldered on inter- 
coms. This information, however, applies to 
soldering of all communications equipment. 



PUBLIC ADDRESS SYSTEMS 

During the early stages of an invasion, por- 
table types of public address systems are used 
to amplify speech in the landing area. Small 



types are d-c battery powered and are com- 
pletely self-contained. When great sound cover- 
age over a high level of noise is required, a 
larger a-c portable type, powered by a gasoline 
driven generator is used. 

At an established base, a public address 
system may be used for an auditorium, outdoor 
movies, or for camp communications. A talk- 
back type of system can be used for camp 
communications. Horns serving as loudspeakers 
can be placed at strategic locations around the 
base. 

The talk-back type is seldom used. The sys- 
tem generally used for advanced base com- 
munications is a portable set consisting of a 
100-watt cabinet-type amplifier, a dynamic 
(movable coil) microphone with heavy -duty floor 
stand, two 25-foot lengths of shielded microphone 
cable, and one25-footlengthof heavy-duty power 
cable. This system requires 100/125 volts a-c 
on 50/60 cycles. 

The horns serving as loud speakers can be 
controlled individually or in any combination. 
The speaker can address only one station, a few 
stations, or all stations. A change-over switch 
is provided to allow signal input from either a 
microphone or a phonograph. 
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As with any electrical circuit, the wiring 
diagram provides the key for the proper wiring 
connections. Normally, No. 14 size wire should 
be used for wiring connections. The horn 
loudspeakers may be mounted on top of buildings, 
on poles, on speaker stands, or even in trees. 
Before making the location of the loudspeakers 
permanent, it is desirable to test for uniform 
loudness, for minimum echo, and for dead spots. 
Follow the recommendations of the manufacturer 
closely when you make the installation. 

Trouble in a p-a system is frequently caused 
by loose cable connections or breaks in the 
cable shield. Before commencing lengthy tests, 



check for faults of this type. In soldering con- 
nections make sure that both metals are clean; 
the completed soldering job should be firm and 
durable. Faulty soldering can cause faults in the 
system that are very difficult to locate. 

Serious troubles in the system require signal 
tracing equipment such as an audio-signal 
generator and an output meter or an oscillo- 
scope. In testing the electric circuit, the most 
important point to remember is that the trouble 
should be localized and isolated. A careful study 
of the circuit diagram will save much unneces- 
sary testing. 
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TRAINING 



TRAINING RESPONSIBILITIES 

Opportunities for conducting training are 
unlimited. Training includes all of those formal 
and informal situations where individuals or 
crews are given instruction toward the solution 
of: 

1. Immediate problems related to the readi- 
ness of the unit to perform its current mission, 
or the problems related to the readiness of the 
members of the unit to do their jobs with a high 
degree of skill. 

2. Long-range problems related to the read- 
iness of members of the unit to qualify for ad- 
vancement in rating, or the problems encountered 
when members of the unit need training for 
future jobs requiring skills not now possessed. 

In most battalions, wherever problems are 
discovered, it has been found that many of them 
can be solved by training. Even so, training is 
not a wait and see responsibility. It must go on 
at all times. For example, training is conducted 
while your battalion is at the home port; and 
upon deployment, the embarkation and debar- 
kation procedures are, for the most part, 
training exercises. Construction projects under- 
taken while deployed also have a valuable 
training function. All of this training serves 
a long-range preparedness need as well as the 
need for various skills on the immediate con- 
struction project. 

IMMEDIATE AND LONG-RANGE PURPOSES 
OF TRAINING 

Training men in advance of deployment to do 
a specific job has both immediate and long- 
range benefits. Advance planning sometimes 
provides for such training. For example, the 
detachment of Seabees assigned to Operation 
Deepfreeze II (Antarctic Operation) underwent 
a rigorous advance training program which 
included physical exercises, field marches, 
safety and survival lectures, and special 
schooling in coldweather work techniques. 

A study of the job skills required to do a 
future job may be the starting point for training. 



After you have made such a study, taken an 
inventory of the skills the men in your crew 
now possess. You can easily see whether the 
required skills match the available skills. When 
you cannot match the skills, you may have to 
conduct training sessions in order to bring the 
men up to the proficiency required to do the 
job. In some cases you will have to conduct 
refresher training; in other cases you will 
have to provide instruction in new techniques 
for doing things. 

At the job site, for example, much of the 
training will be for the purpose of helping a 
man become more versatile, so that he can 
fill more than one job. One man might be an 
excellent splicer, but a poor mechanical and/or 
soldered electrical connections man. On the 
other hand, some of the training may be to help 
him do his present job better. To do your own 
job properly, you must study and work con- 
tinously to improve your own techniques. You 
must analyze work procedures and find ways 
to combine operations to shorten the time re- 
quired to do a job. Having done this, you must 
train your men in the new procedure. 

Some training that goes on in a battalion is 
of a general nature not related to the job at hand. 
Training for advancement in rating, including 
cross-training, is a good example of training of 
a general nature which obviously has long-range 
benefits. 



ADMINISTRATIVE GUIDELINES 

Most training is best administered through 
the company organization, with senior pett\^ 
officers of the company carrying out the training 
programs under the company commanders. The 
training should be consistent with the following 
guidelines: 

1. It must be closely integrated and co- 
ordinated with the daily operations of the 
battalion. The plan and organization for training 
must not interfere with the essential construction 
functions. 
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2. Concentration on the construction sched- 
ule should not be so extreme that opportunities 
for training are overlooked; some types of 
training may even have an immediate beneficial 
effect on the progress of the job. 

3. Maximum advantage should l>e taken of 
the opportunities to derive training benefits 
from routine operations. 



CATEGORIES OF TRAINING 

Categories into which training is classified, 
at least for the purposes of this chapter, are 
ON-THE-JOB training and FORMAL training. 
These categories, together with hints for con- 
ducting such training, will be discussed briefly 
in the remaining pages of this chapter. 



ON-THE-JOB TRAINING 

On-the-job training is mainly for the men 
who already have skills and are on the job. It 
is usually controlled through daily job 
assignments. 

In general, the objectives of on-the-job 
training in the Navy are: to broaden a man's 
work experience, to improve his work methods 
and increase his production, and to provide 
training for him in the application of basic 
skills to specific work assignments. For ex- 
ample, future work plans require installation 
of pole lines where the transformer bank is 
connected. The lines are hot. Maybe you have 
just joined the battalion and you are not sure of 
the capabilities of your men, or perhaps you 
believe that some men need additional training 
in the use of "hot sticks." 

The following on-the-job approach is simple. 
The next time service can be interrupted on a 
line that needs repairing (or installing), a good 
idea is to deenergize it, and then assume, for 
the purposes of training, that the line is hot. 
Direct the men to install the pole and make the 
connections under hot line conditions. This 
makes it possible to make a check on a man's 
skills as well as his understanding and proper 
observance of safety precautions. 

Other jobs can be undertaken on the job 
primarily for their training value. For example, 
the proper bending of conduits into 90** elbows, 
offsets and saddles requires a lot of practice. 
This can be accomplished with scrap leftover 
pieces of conduit during occasional slack 



periods, when advance work, preparatory work, 
and fill-in work can be scheduled. This is not 
busy work, nor is it wasted effort. As a matter 
of fact, it will probably result in the saving of 
many feet of conduit that may otherwise have 
been improperly bent. 

As a usual thing, since on-the-job training 
is in the production environment, it will be your 
job as a CEC, to be directly concerned with 
supervision. You will undoubtedly observe sub- 
ject matter areas where a man requires ad- 
ditional instruction but where the area of in- 
struction is not of a type that can be conducted 
on the job. Reading blueprints or making math- 
ematical calculations are examples. In such 
cases, formal training situations will have to be 
planned. Planning for this type of training should 
be coordinated, however, by the battalion train- 
ing officer. 



FORMAL TRAINING 

Training requirements which grow out of a 
job, but which cannot be taught on the job, may 
require a formal, group instructional setting. It 
generally takes place during regularly scheduled 
training periods during the work day, and it may 
or may not be voluntary on the part of the 
trainees participating. Such training usually is 
in a group or classroom instructional setting. 

Broken down as to subject matter, formal 
training may be arbitrarily divided into two 
areas: 

1. Subject matter required for advancement 
in rating. Here the instructing petty officer 
conducts training in general subject matter 
areas such as mathematics, blueprint reading, 
or basic electricity. In this training situation 
men from other Construction Ratings will also 
likely participate, since knowledge in mathe- 
matics, for example, is a requirement for 
several ratings. At other times, in connection 
with advancement in rating, cross-training is 
required. Here the CEC instructs men from 
service ratings in subjects required for the 
general rating. And still at other times, he may 
lecture and demonstrate to CE strikers on 
subjects such as electrical theory, power dis- 
tribution, or telephone cable splicing. 

2. Subject matter required for the solution 
of an immediate problem which may or may not 
have a bearing on rate training. The pre- 
deployment training of the detachment that 
participated in Deepfreeze Operation II is an 
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example. Group training where work simpli- 
fication is necessary to make work schedules 
mesh— as when Builders, Steelworkers and Con- 
struction Electricians working on a common 
job run into dead time because one of the 
groups, or perhaps all three, are using cum- 
bersome work techniques— is another. 



raNTS ON CONDUCTING TRAINING 

Restudy the training chapters in Military 
Requirements for Petty Officers 3 and 2, 
NavPers 10056 and Military Requirements for 
Petty Officers 1 and C, NavPers 10057 for 
guidelines for conducting training. 



CLASSIFICATION OF SUBJECT MATTER 

The Navy classifies its subject matter into 
three types: KNOWLEDGE, SKILL, and ATTI- 
TUDE, How you organize and conduct training 
depends upon what you want to teach. There is 
no "best" method. Training on-the-job is dif- 
ferent from training in a formal, classroom 
situation, although there are some common 
techniques. 



Knowledge Type 

Knowledge -type subject matter is that which 
is taught to build up a store of useful facts, 
principles, theories, and so on. This type of 
subject matter is usually presented in a formal 
training situation. Instruction in a-c and d-c 
theory, for example, is knowledge -type subject 
matter. Common properties of electrical cir- 
cuits is knowledge -type subject matter. In- 
struction in these, and other such subjects, 
would probably not begin on the job. After 
theory and principles are developed, however, 
their application might well be demonstrated 
either under formal conditions or in an on-the- 
job training situation. 

Self-study by men of the Navy Training 
Course, Construction Electrician 3 and 2, Nav- 
Pers 10636, is an example of men acquiring 
knowledge -type subject matter. The corres- 
pondence course available to them carries 
questions to determine how well they have 
gained information. 



Skill-Type 

A skill-type subject— mental or physical— is 
subject matter taught to help a man acquire an 
ability to perform required jobs with ease, 
speed, and precision. The teaching approach to 
this situation would, of necessity, be quite dif- 
ferent from a knowledge -type instructional sit- 
uation. Skill -type instruction usually is the next 
step in instruction following the presentation of 
knowledge-type instruction; or it may be in- 
struction born of necessity on the job. And, 
additionally, it may be skill training planned by 
a CEC to see if a striker who has read a chapter 
in Construction Electrician 3 and 2, NavPers 
10636, on telephone cable splicing can actually 
splice a cable. 

If need for instruction in a skill-type subject 
grows out of a job, it may be taught on the job, 
or it may require instruction, at least for 
introductory information, under formal con- 
ditions. Later, for application and practice, an 
on-the-job training situation maybe appropriate. 
Teaching the use of "hot sticks" (referred to 
later) is an example. In another example, a CEC 
might, in the absence of a CET striker, teach a 
CEW the on-the-job skills necessary to make 
minor repairs to telephone wiring, subsets, and 
signal circuits. 



Attitude Type 

Attitude-type subject matter is selected and 
taught to create proper feelings, understandings, 
respect, and the like. Safety precautions could 
be attitude -type; so could military courtesy. 
Both might be knowledge -type, too. "Seal>ee 
Accomplishments" is an attitude-type subject. 
Attitude-type subject matter can be organized 
in the same manner as knowledge-type subject 
matter. 



CARRYING OUT AN INSTRUCTIONAL 
PROGRAM 

The two categories of training (on-the-job 
training and formal training) have been in- 
troduced, and the three types of subject matter 
have been described. Now for some practical 
ideas of carrying out an instructional program. 
Two situations are assumed. In one it is pro- 
posed to use, purely as a point of departure, 
the qualification for advancement in rating which 
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requires you to instruct in a-c and d-c theory. 
The other is training to solve, for example, the 
problem referred to earlier where it was ob- 
served men did not have sufficient skill to use 
'•hot sticks" in working hot lines. 

The presentation and suggestions about to 
follow are included to give you ideas of how you 
might fulfill your teaching responsibilities. The 
hints given are not to be construed as standards 
one is bound to observe. 

Under the first assumed training situation— 
to fully satisfy your observers that you can 
instruct in application of a-c and d-c theory- 
may take from 8 to 10 hours of instruction 
time, plus a considerable amount of planning 
time before the instruction starts. Under the 
second assumed training situation of using "hot 
sticks" the time required will depend upon the 
receptiveness of the trainee to learn and upon 
the frequency of the opportunity for training. 

During the planning stage of any training, 
the following actions on your part are necessary: 

1. Ascertain what the training requirements 
are. 

2. Prepare an outline of instruction. 

3. Determine the training aids, materials, 
and equipment that you will use. 

4. Prepare lesson plans, lecture notes, and 
instruction sheets to complement the instruction. 



Outlining the Instruction 

Having learned what the training require- 
ments are, perhaps the first bit of planning is 
in connection with the preparation of a complete 
outline of the scope of the instruction. One 
method of preparing such an oi^tline is to make 
a quick survey of the subject matter field. Re- 
view the Navy Training Courses bearing on the 
subject. After this survey, broad areas of in- 
struction will begin to shape up in your mind. 
For example, to teach the practical application 
of a-c and d-c theory, some CECs have dem- 
onstrated their ability to teach by using the 
following areas of instruction: 

1. Simple and complex circuits 

2. D-C series and parallel circuits 

3. D-C compound and bridge circuits 

4. A-C theory, and fundamentals 

A simple outline for the teaching of "hot 
sticks" might look like this: 

1. Need for use of hot sticks 

2. Brief history of hot sticks 

3. Description 



4. Demonstration of use of hot sticks 

5. Practical application 

Within each of the broad areas identified for 
training, the next step is to develop topical 
outlines, and arrange them in a systematic 
manner, so that each topic and subtopic within 
the outline rests securely upon information 
developed in a preceding topic. For example, 
in the first assumed training situation, you may 
have arbitrarily decided that one topic within 
the broad topic of ''D-C Series and Parallel 
Circuits" might be ''Direct Current Circuits." 
Another might be "Ohm's Law." A partial out- 
line of instruction might appear as follows: 

1. Direct current series circuits 

a. Series circuit connections 

b. Resistances in series 

c. Current flow in series circuits 

d. Voltage in series circuits 

e. Demonstration of series circuits 

(1) Series circuit resistance 

(2) Series circuit current 

(3) Series circuit voltage 

(4) Open circuits 

(5) Short circuits 

2. Ohm's Law 

a. Ohm's law in simple and complex 
circuits 

b. Ohm's law in series circuits 

c. Ohm's law demonstrated 

d. Experiement in Ohm's law 

After subject matter is selected, but while 
a detailed outline is being prepared, make a 
list of all training aids, special devices, equip- 
ment and tools which will be useful in teaching. 
If instruction is to take place at a time in the 
future which permits ordering training film, 
transparencies, and other training devices, in- 
clude these in the list. 

Before, after, or concurrently with the de- 
velopment of the training aids and equipment 
list, or even the outline of instruction for that 
matter, make also a list of all texts and in- 
struction books that are to be used in preparing 
for and in presenting the lessons. 

Based on the outline of instruction, the in- 
structor next develops lesson plans for specific 
training periods. 

Preparing Lesson Plans, Instruction Sheets, 

and Lecture Notes 

LESSON PLANS.— A lesson plan is the blue- 
print the instructor uses to teach a specific 
topic or lesson. When the planning previously 
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discussed has been accomplished, a lesson plan 
is not difficult to prepare. Lesson plans can be 
In many forms. The following main parts of a 
lesson plan have been used in Navy training for 
a good many years: title of topic, objectives, 
training aids, references, introduction, pre- 
sentation, application, summary, test, and as- 
signment, A format for use in preparing a lesson 
plan is given in figure 8-1. 

It will be observed in figure 8-1 that the in- 
structor is cued to do certain things at certain 
times. Directly opposite or immediately below 
various points in the outline of instruction in the 
presentation section of the lesson, the instructor 
includes methods he will use to teach, questions 
he will ask, or problems he will work. 

It is presumed that when one teaches he is 
thoroughly trained and already has acquired the 
technical information he expects to impart to 
the class. He may, nonetheless, in advance of 
his presentation, prepare his own lecture notes 
which will parallel, as necessary, the points in 
his lesson plan. Figure 8-2 shows a partial set 
of lecture notes on the Electron Theory which 
the instructor might want to prepare and refer 
to as he teaches, 

INSTRUCTION SHEETS.-To augment the 
teaching and to complement the lesson plan, the 
resourceful instructor may enrich his teaching 
by using Instruction sheets. 

Several types of instruction sheets are used 
in Navy training: 

1. Information sheets 

2. Job sheets 

3. Assignment sheets 

These sheets are instructor made and are de- 
signed to assist the trainee in the learning 
process. They may be planned for in the lesson 
plan as part of formal instruction, or be used 
in a self-study situation where the time the 
instructor can give individual instruction is 
limited. Information sheets are developed when 
a knowledge -type subject has been introduced 
and the instructor desires to give the trainee 
information that he must know in order to do a 
specific job, or jobs. Information sheets maybe 
used to introduce general or related information. 
Figure 8-3 shows an information sheet on D-C 
Series Circuits; and figure 8-4 shows an infor- 
mation sheet on hot sticks. 

Job sheets may be used after you have pro- 
vided theory and have demonstrated how a skill- 
type job is to be performed. Job sheets may be 
used in class as an integral part of the lesson, 



or they may be used in a self-study situation 
where the instructor is available for consultation 
and can make frequent checks. Job sheets, as 
such however, are not generally used to teach 
a man how to do a job. Rather they provide the 
trainee with a directed means of applying the 
knowledge he has gained. As for example, job 
sheets may be prepared to check a man out in 
performing calibrations, adjustments, tuning, 
testing, and troubleshooting. Job sheets ought 
to include situations where the user makes 
mental decisions similar to those he will make 
while maintaining and/or troubleshooting his 
equipment. Figure 8-5 will give you an idea of 
the format and contents of a job sheet that might 
be used in training in the application of a-c and 
d-c theory; figure 8-6 shows a job sheet for 
using hot sticks. 

Instruction that is of a continuing nature 
requires that assignments be made. Assign- 
ments, of course, can be made orally and can 
be of a general nature, but more discipline 
and direction can be put into the learning process 
when frequent use is made of prepared assign- 
ment sheets. Assignment sheets are particularly 
helpful in self- study situations. For example, 
figure 8-7 might well have been prepared for 
use for a home study assignment, after the 
instructor had introduced Ohm's law and had 
solved several problems. 



Conducting Cross Training 

Cross-training— that is, preparing men in 
service ratings for advancement to the general 
rating— is an important part of your training 
job. Before any of the CE2s (CEP, CES, CET, 
or CEW) can be advanced to CEl they must all 
be familiar with the duties of the other service 
ratings. 

One preliminary step you can take toward 
fulfillment of your responsibility in cross- 
training is to make a careful study of the 
qualifications for advancement in rating found 
in Appendix I of this text. Rule off a piece of 
paper into columns headed as follows: 



Common quals 


CEW 


CEP 


CET 


CES 













Study the quals, and list those in which all 
service rates must be checked out, and list 
them in the first column. Obviously, quals in 
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SUGGESTED LESSON PLAN FORMAT 



I. 



TOPIC 



QUAL. NUMBER 



II. OBJECTIVES (of the lesron) 
III. MATERIALS 

List references, traininf: films, other traininf aid:., shop'^, and equipment to be 
used in preparinf; and presenting the lesson* 

IV. INTRODUCTION 

List points that will arouse trainees' interest and make then want to learn. In- 
clude what you expect trainees to accomplish during the training period, why the 
lesson is important, how> when , and where the trainees will apply it. 

V. PRESENTATION 

Make a complete outline of all parts of the lerson in the order in which you will 
present them. Include material from any pertinent job or subject matter analysis. 

Indicate directly opposite or immediately below the various statement^ in your 
outline the methods you will ur.e to teach them. For example, some of your typical 
notes will be: Ask the following questions; draw this diagram on the blackboard; 
demonstrate how to use this tool; use chart No. to illustrate this principle, etc. 

List questions on key points to be asked in order to stimulate trainee thinking 
and to determine trainee understanding and learning. 

VI. APPUGATION (by the trainee) 

Indicate in your outline the activities that you will have the trainees actually do 
during the lesson to apply it . Typical notes could include: Have all trainees 
solve the following problem; select a trainee to assist in demonstrating this op- 
eration; have all trainees perform training in the practical factors where reoulred. 

VII. SUMMARY 

Recapitulate main points to strengthen the instruction. 



Describe here the means for determining the effectiveness of your instruction. A 
fairly reliable estimate of trainee understanding and achievement can be obtained 
by judicious oral questioning and by clone observation throughout the lesson. 
Short oral, written or performance tests provide an additional check on trainee 
learning. 

IX. ASSIGNMENT 

For maxUnum learning, it is desirable to give trainees a work assignment for 
the next lesson. Be sure to include what ,, how, when^ and why for every assign- 
ment that you make. 



VIII. 



TEST 



Figure 8-1.— Suggested lesson plan format. 
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LECTURE NOTES 

Electron theory 
!• Molecule 

Is the amallest possible particle a substance may be broken down 
into and still retain its physical identity. Molecules can be 
further broken down into atoms. 




C. Current electricity 

Current electricity is electrons in motion. If we cause electrons to 
flow from one point to another, an electric current exists between 
these two points. In order that current may flow we have a conductor. 

1, Direct current 



Is a steady flow of electrons through a conductor in one direction ONLY» 
a. Sources 

(1) Batteries 

(2) Direct current generators 

(3) Rectifiers ^ 



2. Alternating current 

A conductor carrying alternating current electricity has electrons 
passing through it in one direction for a very short period of time, 
then the direction of electron flow is reversed, and the electrons 
flow through the conductor in the opposite direction for the same 



Figure 8-2.— Lecture notes that may be used to complement the lesson plan. 
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INFORMATION SHEKT 

O-C SERIES CIRCaiTS 

INTRODUCTION 

D-c series circuitr., the simpler t type of electrical circuit you will 
encounter, must be learned fir.st, 

A thorough Jcnowledfe of d-c series circuits wil] aid in understanding 
current flow and polarity of vol tape drops and vol tape divider networkji 
in future circuits. 

RKFEKENCES 

a. NavPers 92022, Basic Electricity ^ vol. 2 

b, NavPers 10086 A, Basic Electricity 

INFORMATION 

A series circuit is so designed that the current has only one path 
from the nepative side of the source to the positive side. The current 
at any point in the circuit is the same as at any other point at a given 
time. This is true because there is one path only for the electrons to 
follow, and the same number of electrons that leave the negative terminal 
must be returned to the positive terminal, repardlesr, of what the source 
may be (battery, generator, power line )• 

The total resistance in a series d-c circuit is the sum of all the 
resistrmcGs, and the current is the same through any of the resistances. 

The voltage will divide throughout the circuit proportionately with the 
size of the resistance. This can be proven by using Ohm's Law, E = IR, with 
E = voltage, I - current and R = resistance. The source voltage rau t be 
consumed or dropped in the circuit. Voltage drops have polarity identical 
to source voltage» 

The polarity of a voltage drop can easily be determined. The end of the 
resistance closest the negative terminal will have negative polarity with 
respect to the positive terminal, and the end nearcGt the positive terminal 
will be positive with respect to the negative terminal. This is true 
because electrons flow from negative to positive, and in order to have 
current flow, a difference of potential mu t exist. 

Let us take a simple circuit and r,ee how the voltage divides. 

First find total current. Ohm*s 
Lav says I = E, This being a series 
R 

circuit we know that 
Rt - Rl 4- R2 + R3 
Rt=2fi*10 ^ 3Q 
Rt - 6 Q . 



We also know the current is the same thr.mghout the circuit. Therefore, 
we can easily find I, usinp Ohm'." Law I = 6V 

1=1 amp. 



Figure 8-3.— Information sheet: cl-c Series Circuits. 
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The voltage drops are proportional to the size of the resistances. Now 
apply Ohm's Law and see how the voltage is dropped, Flrst^ find the 
voltage dropped by Rl, 



El = I X Rl 
El = la X 2Q 
El = 2V 

thus, Et 



R2 



E2 = I X R2 
E2 = la X lil 

E2 = IV 



and R3 



E3 = I X R3 
E3 = la X 3 il 
E3 = 3V, 



Et'= ED. ♦ E2 
Et = 2 1 4 
Et = 6V. 



E3 



To determine the polaritv of the voltage drops, u^e the rule stated 
earlier. The end of the resistance nearest the negative terminal is 
nef^ative with respect to the positive tcminal, and the end nearest 
the positive terminal is positive with respect to the negative terminal. 
Thus, 

1 1 

rM/W 



I V 



%1 

\Q 



■ 3 

yQ 

Another thin^r to be considered in a d-c series circuit if! power 
dissipation. When there is current flow power is used. The Ohm's 
Law formula for findlnp power, P = I x E where P = power in watts, 
I = current in amps and E - voltage. Thus, a circuit vi th 1 anp of 
current and 6 volts will consume 6 watts of power, P = 1 x E 

P = 1 X 6 
P = 6W. 

Other forms of Ohm's Law for power are P = i2r and P = E^ 

R 

Remcmbf3r, that to have current flow there roust be a complete path from 
the negative termi al to the positive terminal. If a lead breaks or 
a resistor bums out, no complete path is available, and therefore no 
current flows. The circuit becomes inoperative until repairs are made 
that will restore the path for current to flow. 

When there is more than one path, current alway:: seeks the one of least 
resistance. If there exists a path from the negative to the positive 
terminals that would bypasn the resistors the current would ure this 
path. This action would cause "a short circuit," makinp the circuit 
Inoperative. Steps must then be taken to remove this path to restore 
proper operation. 

One more thinf to be considered is Kirchoff 's I-aw of voltages, which 
states that the algebraic sum of all the vol tapes in emy complete 
electrical circuit is equal to zero. In other words, the sum of all 
positive voltages must be equal to the sum of all negative voltages. 
For a thorough explanation of Kirchoff's Law of voltages, read 
page 58, and column 1 of page 59 of NavPer^ 10086-A, 



Figure 8-3.— Information sheet: d-c Series Circuits— continued. 
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OlFOilHATlON 5HE£T 

ho: sticks 

iktrddt/ction 

Ki tfte use of •Itctrlclty incrcaaes, tht n«ed for malntalnlnp contlnuour* :^«x^lc« al-o In- 
creasea. Bather thar ln-«rruptlnp power aarvica 20 that crews can work on coll llnca, naintenanco 
craws imir.t learn to u-e hot llria tools, called ■hot, stlcka." 

Man worklncr on hirh voltapa linen with hot sticks Bust be constantly aw^are of the dnnrer involved, 
and oonsaquentlj ahoul-:! use mora caution than when workinr on low volttf-a or cold lines. 

R£r£RQIC&S 

a. Construction El«ctrician 3 and 2, NavPers 1063^0 
BRIEF HISTORY 

Hot lina tools were first Intevled for work on lines up to 3^ KV, bjt many llnoman were hesi- 
tant to perform hot rtlck operations on what was then considered such a high vol tape. Because of 
this fear, ao.->t of the nan were unwlllinf to work with the.na tools on voltage above 22 iCV. 

As linenen befan to realiae that tha hot atleka kapt tha« at a safe distance from enerflted 
lines f they began to lose their fear. 

la recent jeara hot line tools haTe been developed that will succes-fullj handle hot Unas 
having nora than KV (345,000 volte). Today there are very few Jobs that caimot be performod hot. 

The atloka shown aa a part of this Infomation sheet are cocnonly uaad. Hot line tools ranire 
froB 3 feet to 12 feet in length. 

Hwiy hot atlcHs are owiJe of wood. Sitka aprjca, maple and oak have bean found to have the most 
desirable characteristics. To prevent warping, the Innulated r^Llcks are lamlnalod in two, three, or 
four aectlona, depending on the pole diaMtar« In reont years hot sticks are being raaue of plastic 
and fiber glass. These naterials have a high molcture->ab8orpiion real ntancre, are nore rLgld than 
wood, and are highly reaistant to abrasion and con-ton aolventa. 

All hot sticks regardless of diaaeter have Insulating oualitle:; capable of wlthatandinp 75^000 
volta, 60 cycles, across each foot of pole I nrth for a period of 5 inlnut9.<t« 




Figure 8-4.— Information sheet: Hot Sticks. 
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the first column represent knowledge and prac- 
tical factors the men have already been checked 
out in, and except for refresher training, you 
will not be concerned with them. The re- 
maining columns, however, you will be con- 
cerned with. As you find quals applicable to 
each of the service ratings, make an entry in 
the appropriate column. These columns become 
a guide to the subject matter for which you will 
be responsible in cross-training. If the man you 
are to train is a CEW moving up to the general 
rating, concentrate on the subject matter carried 
in the CEP, CET, and CES columns. In other 
words you are responsible for training in the 
areas and for the quals in which the man has not 
previously checked out. 

After the chart has been made, inspect it 
in terms of subject matter for possible organ- 
ization for training. Some of the material can 



be learned by study of the appropriate Navy 
Training Courses. Other subjects can only be 
learned by practical experience. Whenever pos- 
sible, use an on-the-job training situation, but 
even here, as has already been pointed out, 
some formal training away from the job will 
probably be necessary. It is not likely, for 
example, you could teach a man the principles 
and theory of a-c and d-c motors by im- 
mediately assigning him to a job where he had 
to operate and service advanced-base-type 
generating equipment. Principles and theory 
are knowledge-type subjects and would have 
to be introduced under more formal conditions. 

Cross -training is a term and there are no 
techniques of teaching which are peculiar to it. 
It must all be planned in advance, following the 
suggestions appearing earlier in the chapter. 



17R 



Chapter 8-TRAINING 



" 

JOB STIEET 



TITLE: SERIES GENERATORS 

INTRODUCTION ; The purpose of thl« Job Is to familiarize the 
trainee with the connections and Internal 
characteristics of the series generator, Ntany 
naval Installations use compound generators, 
and knowledge of series generators will help 
electricians better understand the operation 
of compound generators. 



EQUIP..<ENT : 1. Compound machine 

2* Lamp bank 

3« Four cone resistors 

4. Multimeter with leads 

9« 0-20 d-c ammeter 

6. Two fuses and fuse pullers 

7, Voltage tester 

B. (2) } X } - 20 bolts with nuts 

PROCEDURE t 1. Draw a diagram of a series generator, use 

correct terminal markings. 

2, Check generator by hand, rotate armature, 
check for tight coupling. 



3. Connect voltmeter to armature leads* 



4. Rotate prime mover by hand and observe 
voltmeter deflection. Mark negative lead, 
••Al", positive lead ••A2". 

5. Connect generator as per diagram. 

NOTE: IF IN DOUDT AS TO CONNECTIONS, ASK 
INSTRIXrrOR. 

6. Install fuses In prime mover circuit, test 
fuses • 

7. Start prime mover with VOLTl'^ETER ON HIGH 
SCALE. 



8. Check voltage 



a. Close load switches. 



Figure 8-5.— Job sheet: Series Generators. 
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10. 



1. If voltage falls to build up^ ad* 
Just neutral plane. 

2. If voltage etlll falle to build up. 
reverse eerlee-fleld connections. 

Close load switches one at a time and plot 
voltage curve. 

Open load switches. Record no-load voltage 
on graph. 



VOLTS 



QUESTIONS: 



12. 



1. 



AMPS 

11* Secure nachlne, tag and pull fuses. 



Disconnect all connections, but leave 
•qulpMent at your station. 



_ls necessary to produce the 



small voltage deflection at no load. 

2. The voltage as the current 

Increases • 



REFERENCE : 



3. Hqw do series-field colls differ from 
•hunt-field colls? 

NavPers 10546» Electrician's Mate 3 & 2. 



Figure 8-5.— Job sheet: Series Generators— continued. 
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JOB SH£ET 

QSIHG HOT STICKS 

INTRDDUCTIOH 

In your job as Construction Electrician it will often be necessary to work 
on lines where service cannot be interrupted. For example, if you are in- 
stalling pole lines where the transformer bank is connected, you must learn 
to u^e "hot sticks.* The purpose of this job sheet is to provide information 
that will assist you in learning to install a double •hot* tie on a single 
insulator* See the illustrations which are a part of this Job sheet* 

EQUIPMENT 

1* The following hot sticks: fixed blade, two prong, rotary prong, and 
rotary prong 

2. Simulated poles moxmted with insxilators 

3. Tic wire 

U» Lineman pliers 

PRDCEDUHES 



1, Make a 1-inch loop on the end of the 
tie wire and determine the lanpth required 
for a minimum of six turns around the con- 
ductor. Then add the circumference of the 
insulator plus the additional length required 
for at least two turns at the middle of the 
double tie to secure it to the insulator. 
Add sufficient length and form a loop on the 
opposite end of the tie wire* 

NOTE: On both double and single ties, tie 
wires should be attached to the insulator with 
a clockwise twist. The ties should also be 
wrapped around the conductor in a clockwise di- 
rection on each side of the insulator to pre- 
vent untwisting the tie wire where it is at~ 
tached to the insulator, 

2« Make up the other wire of the double tie 
the same length and place both tie wires 
around the insulator so that the looped ends 
are in opposite directions and parallel with 
the insulator groove, 

3, Form the double ties closely. around the in- 
sulator and secure them to the insulator with at 



least two turns made with lineman's pliers. 
After wrapping, each double tie shoiild be 
tight ajx)und the insulator and still be in 
alignment with the insulator groove. 

4.. Shape the tie vires to form a letter 
■S" to prevent their extending too far from 
the insulator. 

5« Secure the conductor in the insulator groove 
and hold it in place by applying downward 
pressure on the wire tong at the opposite 
side of the insulator where the first tie is 
to be made. 

6. Using a ROTARY PHONG or other appropriate 
tie stick (see illustrations), rotate the two 
wires of the double tie pro^essively along the 
wire to produce a smooth, even tie. The ties 
should not overlap each other on the conductor, 

7. After tying the conductor at one side of 
the insulator, tie the opposite side in the 
same manner. When the tie is completed, only 
the loops should extend out above the conductor. 



Figure 8-6. -Job sheet: Using Hot Sticks. 
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DOUBLE TIES IN PLACE ON INSULATOR 





?J^'V»'f\ ^^^^ \ 1 







PULLING TMC DOUiLE TIES TIGHT AROUND THE INSULATOR 




TYING IN ONE SIDE Of INSULATOR BOTH SIDES OF THE DOUBLE TIE TIED IN 

WITH A ROTARY PHONG 



Figure 8-6.— Job sheet: Using Hot Sticks^continued. 
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ASSIGNl^IT SHEET 

Problems on Ohm's Law 

INTRODUCTION 

Ohm's Lav for power calculations may be applied to a great many 
everyday problems wherever electricity is at work# 

Consider one of the most common examples—that of the incandescent 
electric light. Incandescent lamps for use in constant-potential 
circuits in homes and factories are rated in volts and watts. How 
much current do they take? How much resistance do they pof?sess? 
If high powered, they may draw several amperes; if low in wattage 
rating, they may take only a small fraction of an ampere, 

PROBLEMS 

Usinf; the Ohm's Law formulas, solve the following problems: 
1» What is the current rating of a 10(Vwatt 120-volt lamp? 



2. Use the answer to the first problem and find the resistance 
of this lamp© 



3. How much does it cost to une this lamp ^ hours each evening for 
30 days at 3,2 cents per kilowatt-hour? 



How much would it cost to operate a window air-conditioner rated 
at 120 volts and 9»i amperes in use 10 hours a day for 30 days? 



Figure 8-7.— Assignment sheet: Problems on Ohm's Law. 
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As a Construction Electrician First or Chief, 
you will have many responsibilities added to 
those which you have had at the second class 
level. The higher your pay grade, the more 
likely it will be that your main duties will con- 
sist of supervising rather than doing. 

You must see that work is properly planned, 
that it is carried out in the proper way, that the 
proper records and reports are kept, and that 
safety precautions are observed. These duties 
and responsibilities are a phase of foremanship; 
another phase, training, is discussed in chapter 
8 of this course. 

Foremanship duties and responsibilities are 
of a continuing nature. Whether you are assigned 
to an MCB, a detachment, an amphibious con- 
struction battalion, or a public works department 
you will need to supervise men, delegate author- 
ity, coordinate operations, and train personnel. 
The type of activity to which you are assigned 
will determine just how you carry out your fore- 
manship responsibilities. For the most part, the 
discussion in this chapter applies to MCB's 
assigned to an overseas base. The general prin- 
ciples, however, apply to other units also. 



JOB PLANNING 

To get an assigned job done in the proper 
manner and on time requires careful planning. 
You will need to know exactly what is to be ac- 
complished, when it must be completed, the 
number of men available to do the job, and the 
amount of material required. In addition you will 
need to coordinate your work with men in other 
ratings. If, for example, the plans for a job call 
for placing conduit through the footings or within 
a slab deck, you must have your crew ready to 
place the conduit as soon as the Builders have 
completed the forms. The necessary information 
may be provided you in the form of standard 
drawings developed by the Bureau of Yards and 
Docks. In other cases, drawings may be provided 
by the local public works department or devel- 
oped by the battalion engineering office. In any 
event, you must study all available information 



carefully to be certain that you understand all 
important aspects of the job to be done. 



DETERMINING LABOR AND MATERIALS RE- 
QUIREMENTS 

Preliminary planning is necessary to deter- 
mine the amount of materials requiredfor a job. 
This planning is accomplished by material take- 
off teams, which operate under the engineering 
office. Material takeoff is highly specialized 
work which requires a knowledge of engineering 
drawings and specifications. You may be called 
upon to assist the takeoff team in making the 
material takeoff. The materials required for a 
particular job are listed on a bill of material 
(BM). Make certain that all materials required 
for the job on which you are working are listed 
on the BM; also make certain that they are 
available or that they are on order with the 
supply department. A careful check of theBMat 
an early stage of the job can save many a delay 
as the job progresses. 

Either you or the officer in charge of the job 
will need to write up requisitions for materials 
on the proper forms. You will also need to check 
the delivery schedule of these materials in order 
to plan the work of your crew. 



SCHEDULING 

The various phases of a job must be care- 
fully scheduled if it is to progress without delays. 
Generally speaking, the sequence of work assign- 
ments must correspond to actual construction 
operations. You must remember, of course, that 
some jobs take longer than others to complete. 
Thus, on a typical job, installing conduit may 
take considerably longer than installing under- 
ground service; you would need touse more men 
for the conduit than on the underground service 
if you needed to have these two operations com- 
pleted about the same time. 

It is important that every man assigned to you 
know his job within the framework of the 
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schedule. In some cases, a man may not be 
familiar with all phases of the job to which you 
assign him; for instance, a man may have had 
no recent experience working with explosion - 
proof wiring. If he is assigned to that phase of an 
installation job, knowing this in advance would 
give him a chance to brush up on this type of 
work. Making up the schedule in advance and 
posting it on the bulletin board or in some other 
prominent place is a useful method for keeping 
your men informed of their forthcoming assign- 
ments. 



PLANNING FOR EMERGENCIES 

Part of job planning includes planning for 
emergencies. Certain types of emergencies, of 
course, are beyond your control. Unexpectedly 
bad weather, enemy action and complete changes 
m plans are examples. You can prevent many 
emergencies from arising, however, by planning 
and forethought. 

Whenever possible, you should check actual 
details of the job against the plans. Some details, 
such as ground conditions for underground con- 
duit, cannot be adquately covered on the plans. 
Poor ground conditions might affect the location 
of manholes, thus creating a problem during job 
operations. 

In making additions or changes to structures 
from old plans, it is particularly important to 
make certain that all parts of the plans have been 
followed during construction. Plans which were 
drawn up during emergency conditions, such as 
during World War II and the Korean conflict, 
were not always closely followed. One example 
will demonstrate this point. At an overseas base. 
World War II drawings were being used as a 
guide for installing additional wiring in an under- 
ground distribution system. The prints called for 
several spare conduits in a particular manhole. 
When the work crew began pulling wire through 
one conduit, they discovered that the conduit did 
not extend all the way to the transformer vault, 
although the print showed that it did. Two les- 
sons are apparentfrom this example: first, plans 
should be checked against the existing conditions 
whenever possible; and second, any change from 
the plans you make during construction and 
installation - for whatever reason - should be 
shown on the master set of plans. Changes on the 
master plans will ensure that *'as-built'' draw- 
ings will be available for future use. 



Personnel Problems 

Failure to make allowance for personnel 
changes can slow down work or cause a complete 
stoppage. Some personnel matters, of course, 
are beyond your control. If a man suddenly be- 
comes ill or goes on emergency leave, you will 
simply have to try to get a replacement for him 
or do some rescheduling. If a man is scheduled 
for leave or for detachment, however, and you 
do not take this fact into consideration when 
planning your schedule, the fault for any delay 
which results lies with you. In making up your 
schedule, consider military duties, special de- 
tails, and similar factors that could affect work 
operations. 

If you have a shortage of men for the job — 
and this not unusual - be certain that you assign 
them to best advantage, according to their skills 
and capabilities. Never ask for more men than 
you can use on a job; extra men get in the way of 
the workers. 



Materials Flow 

We have already mentioned that the bill of 
materials should be checked during the planning 
stage to make certain that all materials are 
available or are on order. Even with this check, 
there is sometimes danger of running out of 
material. This may happen when the rate of 
progress on the job has been considerably 
greater than anticipated or when materials have 
been unusually slow in arriving at the job site. 
If either of these conditions occur, notify the 
officer in charge of the project. He may appoint 
an expediter to see that materials get to the 
location where they are needed. Occasionally, 
you or one of your men might serve as expediter; 
in this case, you might hand carry a requisition 
through the supply chain to speed up delivery. 
This is strictly an emergency procedure, how- 
ever. Careful advance planning will normally 
ensure an orderly flow of materials. 



Machinery and Equipment 

Machinery and equipment failures may re- 
sult from numerous causes, many of which can 
be prevented. See that your men follow proper 
operating and maintenance procedures. Manu- 
facturers' instruction books and local instruc- 
tions should be strictly followed. There are 
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many examples that might be given of the mis- 
use of equipment, but one is sufficient to illus- 
trate the point. 

Hydraulic benders are commonly used to 
bend 4 -inch conduit. When fluid in the chamber 
is low, inexperienced men have been known to 
fill it with some fluid other than that recommend- 
ed by the manufacturer — with motor oil, for 
instance. Improper fluids not only will not work 
satisfactorily, but may permanently damage the 
hydraulic system. Impress your men with the 
fact that they follow manufacturers' operation 
and maintenance instructions. 

COORDINATION 

You will need to plan ahead so that necessary 
equipment will be on hand to do certain work 
at the right time. On one particular job, for 
instance, there may be only one power threader, 
hydraulic bender, or similar item. You will need 
to check with other petty officers who are using 
this equipment to determine when such equip- 
ment will be available to do the job for which you 
need them. 

A little coordination with other job super- 
visors will usually ensure that equipment is 
available when you need it. 

A PRACTICAL EXAMPLE 

To apply some of the principles so far dis- 
cussed, let us set up a practical example. As- 
sume that you are with a detachment assigned 
the job of constructing a four-unit building suit- 
able as married enlisted men's quarters 
(MEMQ). The plans and specifications call for a 
rigid conduit job throughout, with electric 
heating, ranges, washers, and dryers as major 
appliances in each apartment. Let us assume 
also that the materialandlabor takeoff have been 
completed and that a job order number has been 
assigned. (See fig. 9-1.) On this job, you will 
have conduit in sizes from 3/4" to 4" and wire 
from #12 to 25 MCM or larger. 

Make a list of the specific jobs that must be 
accomplished before the overall job is com- 
pleted. Figure 9-2 gives this information in the 
left column, which is labeled Type of Work. To 
the right of this column, make several columns 
listing the dates on which you expect to accom- 
plish specific jobs. Under each date column, 
place the number of manhours which you esti- 
mate will be required on that particular date. An 
X under a date indicates no work on that day. List 



at the bottom of the sheet the number of men and 
the amount and type of equipment required for 
the job. For this job, you will have six men 
available. List the names of the men and desig- 
nate the lead man. Figure 9-2 shows the inform- 
ation which should be carried in the advance 
schedule. 

Check to make certain that none of the men 
are scheduled for leave, transfer, or school. 

In the early stages of this job, you may not 
need all six men; if this is the case, assign 
some of these men - perhaps two - to some 
other job under your supervision until the Build- 
ers get enough work on the MEMQ completed 
that you can use all six men. 

Estimate the days on which you will need the 
pipe threader and the hydraulic bender, and 
check with the electric shop to be certain that 
they are available on those days. 

You have now planned the job and set up a 
schedule. You cannot, of course, anticipate 
emergencies such as sickness and emergency 
leave. You have, however, gone as far as pos- 
sible with your plans. When the work starts, 
you will need to make a daily work report as 
shown in figure 9-3. This report should account 
for the number of hours each man works per 
day on the job. 

SUPERVISION 

The term supervision may be defined in a 
number of ways. As used in this chapter, it 
means overseeing, directing, and inspecting the 
work of others. 

Supervision, then, means working with 
people. A good supervisor knows how to get a 
job done by getting the most out of his men. This 
is the basic difference between a supervisor who 
is merely technically competent and one who 
knows how to get maximum production. It is ex- 
tremely important, of course, for a supervisor 
to be technically competent in his specialty. 
Competence alone, however, will rarely get the 
job done when a person has to direct the work of 
others. As well as knowing and understandins: 
the job to be done, a good supervisor must under- 
stand the capabilities of his men and must know 
the techniques of good supervision. 

KNOW YOUR JOB 

Your job is likely to vary with each deploy- 
ment of the battalion. If the principal mission of 
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JOB CODES 

IflB ORDER NO: SL *7 AP»«OVFn «y . ^ACf^ SOKt LCPB. 


JOB: 

PROJC 

JOB CODE 


iwLA^t f ^If M^i INSTALLATIONt / / 


CTNO I^S.Ct?l^£^^4 TYPE WORK. BlE^TJ^ICAL 






TliENCHIM& ANP £-){^A\/Ar/N6- TOR UNOBkCrfiOUNO COKIDUIJ 




INSTALLING CON QUIT 1 '/zJ' AM? LAIS<S'£15 


l4-2> 


INSTALL m(f' CONt>UIT ''A" ANP SMALLE-H 




FULLIN6- UZ/ef 4A/P SMAL CC^ 




Polling- icti^e ^4 anp la^^o-e^ 




IN^TALLIN^- SWlTCH^(SecET>TACL£ AN0 OUTLET iBOKeS 




/fJSTALL PERUKE ^ mCLUOlN6- PANBLS ANP hAAIN SU//TCttE'5> 




INSTALL LI^HTIN6- r/ )iTi/RF^ 




TBLEP/iONeS, IN^LUP/N<y- 'FEEl>£^li ANP /^/^M/A/ALS 




/ — ^ — . — 

MlSCELLANEdOS: CLEAN UP AREAtVUOCOHiHG- MATeR-iAL 




INSTALL SUflTCH-ES T^ECBPTACLES ANP COUBT^S 




f 











































Figure 9-1. -Job codes and list of jobs. 
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ADVANCE WORK SCHEDULE (in M/HRS) 

OATf : ^ AU€f. OX 
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*5cbedul€cl personnel inspec-fion. 

EQUIPMENT NEEOEDi T < 



Bpc threader- (ELectnc) to Jf 
hydraulic bender (Vip^) 



TOTAL MO. MEHi ^ (USTEC> BEtOi*;) 

JOHMSOM CEW i FiPAWk: CN 

■E>AKP^ CEk/i Ji5NES CM 

NELSOKJ CEit>3 FRANKLIN C€I, LEAD MAM 



Figure 9-2.- Advance work schedule. 
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Figure 9-3. -Daily work report. 
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the battalion is to construct housing, you are 
likely to be in charge of a crew installing inter- 
ior wiring. On another assignment, the mission 
of a battalion may be to install portable electric 
power plants, including the distribution system. 
On some assignments, it may be necessary to 
install telephone systems. On most assignments, 
it is necessary to set up an electrical repair 
shop. 

You may be in charge of a crew assigned to 
carry out any one of these jobs. To carry out the 
job properly, you must know exactly what is to be 
accomplished, deadlines for the job or portions 
of it, who will be your boss for the job, and the 
relationship with other projects. You will need to 
plan your part of the job with respect to materi- 
als and scheduling in the manner described earl- 
ier in this chapter. Unless you understand lines 
of authority, materials and equipment required, 
limitations of the equipment, and the capabilities 
of your crew, you are likely to have trouble in 
meeting your responsibilities. 



KNOW YOUR CREW 

It is not likely that you can do a good job 
unless you thoroughly understand the job to be 
done. Knowing your crew is as important as 
knowing the job. If a new CEW2 is assigned to 
your crew, you can be certain that he has been 
checked out in the practical factors for his rate 
and that he has passed the servicewide exam. 
Without investigation, however, you could not 
tell whether he is an expert in the use of test 
equipment or whether this is one of his weak 
points. Similarly, you could not tell whether he 
is almost ready for promotion to CEl or whether 
he has just made his rate. His experience and 
capabilities will have a very important effect 
upon the type of assignment that he can handle 
best. Without checking, you cannot tell whether a 
new man is one to whom you can give very brief 
instructions and expect to find the job done, or 
whether you must keep a constant check on him. 
His traits may mean that you can assign him to a 
distant project where he can work under mini- 
mum supervision; or they may indicate that you 
should put him in a job where you can keep an 
eye on him and place a man who can work under 
less supervision on the distant project. 

From the forep:oing, it is obvious that a good 
supervisor needs to know the strong points and 
weak points of each crew member. You need to 
know your crew in order to make intelligent 



decisions about assignments, needed training, 
and recommendations for advancement in rating, 
among other things. 

When you learn that a new man is being 
assigned to your crew, learn what you can about 
him; ask to see his record. Talk to him when he 
reports; find out what he has done and likes to 
do. Finally, observe him closely in various work 
situations; you will soon learn what type of 
person he is. 



DELEGATING 

One of the most common failings of a new 
supervisor is failure to delegate. It is natural 
to want to carry out the details of a job yourself, 
particularly when you know that you can do the 
job better than any of your men. Trying to do too 
much, however, is one of the quickest ways to 
get bogged down in details and to slow down a 
large operation. You will often be responsible 
for several jobs or several parts of a job some 
distance apart. Obviously, you cannot be in two 
places at the same time. If someone is needed to 
make quick decisions during your absence, des- 
ignate a man who is capable of making these 
decisions. This man should be capable of super- 
vising the work in your absence, seeing that 
needed materials and supplies are on hand, and, 
in general, makingthe work go forward. Natural- 
ly, you should select a man for this job who can 
work without close supervision. Make him under- 
stand what you expect of him, and be specific 
concerning the limits of his authority. For ex- 
ample, you should make clear to him that the 
specs for the job must be followed unless they 
are changed by higher authority. 



JOB INSPECTIONS 

Periodic inspections are one important meth- 
od of ensuring proper quality of work done under 
your supervision. Let your men know that their 
work is likely to be inspected. When you make an 
inspection let the man or men concerned know 
how well or how poorly they did the job. A man's 
work is not likely to improve if he is not told 
specifically wherein his work needs improve- 
ment; and a man who has done an excellent job 
will be motivated to continue this level of work 
if you let him know that good work is noted and 
appreciated. 
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Examples of work which you should carefully 
inspect are installations of switch boxes and 
bends in conduit. A switch box may be installed 
perfectly as far as the electrical aspects are 
concerned but be poorly installed with respect 
to neatness of appearance. For instance, if the 
switch box is not placed deeply enough in the 
wall, it will be impossible to make the plate 
which covers the switch flush with the wall. A 
protruding plate gives the finish a rough 
appearance. 

The bends in conduit which run to panel boxes 
and junction boxes should be uniform. Bends 
which are not uniform give a poor appearance 
and the impression of sloppy work. Impress 
upon your men that neatness, as well as techni- 
cal correctness, is important in electrical work. 

It is essential, of course, that work which you 
inspect conform to the electrical code and speci- 
fications for the job. Make certain that the work 
is technically correct, and then inspect for 
neatness. 



SHOP SUPERVISION 

For most overseas assignments, you will 
have to set up the electrical shop. The equip- 
ment and materials needed for the shop will be 
determined by higher authority before you leave 
the United States, The shop will normally re- 
quire a test switchboard, megger, grinder, hy- 
draulic pipe bender, power threaders, and other 
portable equipment necessary for electrical 
work. Large equipment such as bench lathes and 
coil winders are not normally necessary in the 
electrical shop; this typeof equipment, however, 
will generally be available in a separate battalion 
machine shop or in a shop on the base to which 
you are assigned. The layout of your shop will 
depend upon the amount of equipment and the 
space which is available. During time of war, 
when a battalion would take a complete set of 
electrical equipment for the deployment, you 
would need to consult standard drawings shown 
in Advanced Base Drawings, NavDocks P-140. 
These drawings recommend layouts for various 
types and sizes of electrical repair shops at 
advanced bases. 



Repair Parts 

The main function of the electrical shop is to 
keep all electrical equipment for the battalion or 



detachment in first class working order. You will 
need an adequate stock of repair parts to do the 
job. These parts range from attachment plugs 
for small drill motors to parts for welding 
machines. The shop will also need miscellaneous 
items, such as lamps for replacement purposes. 

Have a reliable man survey all electrical 
tools and equipment in the battalion, and then 
see that there are parts available to repair 
each item. A quarter- inch drill that becomes 
inoperative because no repair part is available 
can cause as serious a delay as a larger piece 
of equipment which is out of commission. 

A system of file cards will be necessary to 
keep track of the repair parts in stock. Place a 
man in charge of issuing parts and seeing that 
proper records are kept. When a part is used, it 
should be charged off on the card; when new 
parts are received, they should be added to the 
listing to show that they are on hand. 



Work List 

It is a good idea to make up a list showing 
the duties of each man assigned to the electrical 
shop. Such a list should show specifically the 
duties and responsibilities of each man and his 
assigned hours of work. Sometimes it will be 
necessary to work in shifts; advance notice to 
your men will enable them to plan their free 
time. 



PASSING THE WORD 

Passing the word is an important part of 
supervision. The battalion commanding officer, 
your company commander, and other higher 
authority frequently issue orders or directives 
which you should pass on to your men. You 
should be familiar with all instructions and 
notices that affect your work and the work of 
your men and make certain that they have this 
information. 

Orders and directives from higher authority 
may pertain to a particular job, recreation, 
liberty, military requirements, or safety. If the 
information is the type that you can pass orally, 
you should consider the best time to pass the 
word on. Morning quarters and special musters 
are often suitable times. 

You will need to put certain types of informa- 
tion into writing in the form of a written 
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directive. There is considerable personnel turn- 
over in most units, and it takes a new man sever- 
al weeks or months to learn about all policies. 
His task is even harder if there are no written 
directives to which he can refer. Safety require- 
ments, local policies with respect to the use of 
Government material, tools and equipment, and 
local shop rules are examples of information 
which should normally be in written form. 



SAFETY 

As a senior petty officer, your responsibil- 
ities for safety are considerable. Never overlook 
the safety factor in making a decision or giving 
an order; remember also that safety attitudes 
cannot be separated from safety practices. Use 
every practical method to make your men saiety 
conscious. 

U.S. Navy Safety Precautions. OpNav 34P1, 
prescribes standard measures against the most 
common types of hazards which naval personnel 
are likely to encounter. One complete chapter 
discusses safety with respect to electricity and 
electronics equipment. You should become 
familiar with this publication. Remember, how- 
ever, that the discussion in U.S. Navy Safety 
Precautions applies only to the most common 
hazards. 

It is usually necessary to issue special pre- 
cautions to cover local conditions and unusual 
circumstances. It is also necessary to keep a 
close watch to see that your men have the pro- 
per tools and clothing for each job on which they 
are working. There is a tendency for personnel 
to use clothing or tools that are handy, rather 
than going to some trouble to observe safety 
precautions. For instance, m splicing lead- 
covered cable, a man may find that no cotton 
gloves are handy when it comes time to wipe the 
joint; if a pair of leather-palmed gloves are 
handy, he may want to use them instead of the 
cotton ones. This man should be reminded that 
this is a dangerous practice; leather can trans- 
fer heat from the lead and cause a serious burn. 

Other safety practices to follow during splic- 
ing include wearing goggles and high-top shoes 
and keeping sleeves rolled down. 



SHOP SAFETY 

There are numerous safety precautions that 
have particular application to shop work. See 



that your men follow them all. It is a good idea 
to list certain precautions which must be fol- 
lowed in the shop; safety posters may also be 
useful. Some important safety precautions for the 
shop follow. 

See that men repairing electrical equipment 
at benches stand on a rubber mat or other 
approved insulating material. 

Allow no electrical tools or equipment to 
leave the shop unless they have proper grounding 
facilities. In some localities, you may not have 
the three-wire grounding receptacles, which are 
required under safety regulations. If you are 
unable to get the three -wire receptacles, con- 
nect the third wire on the cord to a screw or 
bolt on a suitable ground. 

Make certain that goggles are located near 
all bench tools which could cause an eye injury 
during use. 

See that all shop machinery and equipment 
are kept free from oil, grease, carbon, dust, 
and dirt. 

Allow no matches to be lighted or other open 
flames to be used in confined spaces containing 
combustible material. 

Do not allow flammable liquids such as 
gasoline and benzene to be used as cleaning 
fluids on electrical equipment. 

Use only rubber of insulating hose for blowing 
out equipment. Use no more than 50 pounds of 
pressure to avoid damage to insulation. 

PAPERWORK 

At the first class and chief levels your ad- 
ministrative duties will increase. With this 
increase will come additional paperwork- rec- 
ords, reports, instructions, and so forth. We 
have already mentioned the duties connected 
with scheduling of work, making and studying 
bills of material, and preparing directives. 

It is absolutely essential for you to be sys- 
tematic in keeping files and records. There may 
be a temptation to keep your administrative 
duties and responsibilities in your head; as 
work requests, reports, and publications pile up, 
however, you will find it necessary to arrange 
them so that each one is readily available when 
needed. Tossing papers on your desk or filing 
them carelessly in a drawer will eventually 
cause your records to become hopelessly fouled 
up. Try to keep your files in such a manner that 
the man who steps into your job can understand 
the status of all job assignments and work 
requests. 
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SUPPLY MATTERS 

Most material which you require to do your 
job is issued after you have filled out the proper 
supply form. At some activities you will be 
authorized to sign this form; at others, it will 
have to be signed by an officer. Keep accurate 
records of what you order and when you receive it. 

A record of tools and other equipment perm- 
anently assigned to you is kept on stock custody 
cards; you will have to sign for this equipment. 
Keep track of all items permanently assigned to 
your shop. Have anyone removing these items 
from the shop sign for them. Once a year, and 
whenever your company commander is relieved, 
you will have to take physical inventory of equip- 
ment assigned to you. 
g You may also have to fill out forms when a 

piece of equipment is to be SURVEYED, When a 
piece of equipment needs to be disposed of 
because of wear, irreparable damage, or because 
it is obsolete, a record must be made showing 
the condition of the material, the cause of the 
condition, the responsibility therefor, and the 
recommendation for disposition. An officer or 
a survey board must approve the request for 
survey. Your part in this procedure is to initiate 
the survey request. The request should contain 
complete information about the piece of equip- 
ment, why it should be surveyed where it is lo- 
cated, and other pertinent data. 



WORK REPORTS 

As mentioned earlier, you will need to put 
in a daily work report for projects in the field 
showing the number of hours that each man put 
in on a particular job. Figure 9-3 is a typical 
daily work report. The report lists the name of 
each man in the work crew and indicates the 
number of hours he spent on particular jobs. 
The report may indicate time lost through sick- 
ness, authorized absence, bad weather or other 
causes. 



SKETCHES 

One type of paperwork that can save you 
time and trouble is the handmade sketch. When 
telling a man or group of men about some partic- 
ular job or how to do a particular job, you will 
often find it useful to make a sketch of the job. 
If you turn the sketch over to the man, he can 
use it as a guide without having to rely complete- 
ly on his memory. A sketch is also useful in 
helping a man understand points which are hard 
to explain orally. Encourage your men to ask 
questions after seeing a sketch to be certain that 
they understand exactly what you have in 
mind. 



CHAPTER 10 

DEFENSIVE COMBAT 



In peacetime, Construction Battalions maybe 
deployed in outlying areas where unexpected 
attacks could occur. Seabees must be prepared to 
carry out construction missions but it is equally 
important to be prepared for combat. In the 
event that a Construction Battalion is involved 
in a combat situation every second counts; 
every unit must be able to deliver its full com- 
bat potential immediately. 

Under wartime conditions, Construction Bat- 
talions often work in combat areas. In these 
areas, the battalion is subject to infiltration, 
and raids. Battalions are responsible for their 
own security; they must defend their own job 
site and camp areas. In addition, they may be 
called upon to contribute to the defense of the 
base to which assigned and carry out other 
combat operations as required. Although nor- 
mally assigned to construction missions, in an 
emergency. Construction Battalions may be 
required to reinforce an amphibious operation or 
to provide infantry support in a combat area. 

From the foregoing discussion it is obvious 
that a Construction Battalion must be prepared 
for combat both in peacetime and in wartime. 
Every man in a battalion, therefore, has both a 
construction assignment and a combat assign- 
ment. The battalion organization for construction 
and for combat exists simultaneously. Thus a 
battalion can work, fight, or work and fight with 
no basic change in its organization. 



BASIC COMBAT ORGANIZATION 

The construction/ combat organization for 
Construction Battalions is outlined in MOBILE 
CONSTRUCTION BATTALION ADMINISTRA- 
TION, NavDocks P-315, dated November 1959. 
A construction/combat organization is given 
both for a Construction Battalion (large) (func- 
tional component P-1) and for a mobile con- 
struction battalion (functional component P-25). 
The Construction Battalion (large) is some- 
times called a full-strength battalion. This 
terminology resulted from the fact that the 
MCB personnel allowance is about one-half the 



allowance of a Construction Battalion (large). 
Correct terminology is now Construction Bat- 
talion (large) (or simply P-1) and Mobile Con- 
struction Battalion (or MCB or P-25). 

In most cases a battalion is organized to the 
platoon level as shown in NavDocks P-315. 
(NOTE: NavDocks P-315 of November 1959 is 
being revised; the basic concept of construction/ 
combat organization will remain the same but 
details of organization will vary. ) A battalion may 
organize the subdivisions of a platoon (squads and 
fire teams) to meet its particular needs. Each 
subdivision of the platoon, however, must be 
organized as a construction/combat squad made 
up of work crew/fireteams. As far as possible, 
the make up of a squad or a fire team should 
follow the Landing Party Manual— that is, four 
men to a fire team and three fire teams to a 
squad. The military duties of a CEl or a CEC 
vary with the strength of a battalion and the 
personnel available. In general, a CEl is expect- 
ed to lead a fire team, and a CEC is expected to 
be a squad leader. In the absence of an officer to 
serve as a platoon leader, however, a CEC may 
have to lead a platoon. Similarly, a CE 1 may have 
to serve as squad leader. 

FULL-STRENGTH BATTALION 

The basic construction combat organization 
of a Construction Battalion (large) is shown in 
figure 10-1. As you will note, there are four rifle 
companies and a Headquarters Company. Each 
rifle company is divided into three or more 
rifle platoons, plus weapons platoon. (The con- 
struction mission of each company and platoon is 
also shown in figure 10-1.) 

Headquarters (or H) company consists mainly 
of personnel in the administrative and supply 
ratings— Yeoman and Storekeeper, for example. 
There are, however, some Seabee ratings in H 
Company, particularly men in the Engineering 
Aid (formerly Surveyor or Draftsman) rating. 
Men in H company perform combat duties related 
to intelligence and operations functions. 

Each lettered company (A, B, C and D) acts as 
a rifle company in defensive combat. The 
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Figure 10-1.— The construction/combat organization for 
construction battalion (large). 
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numbered platoons in each company (such as Bl, 
B2, 83, 34, and B5 always retain their letter 
number designations for combat purposes. Thus 
the platoon to which Construction Electricians 
are assigned is known as B4. In a Construction 
Battalion (large), this platoon, Bl, B2, and B5, 
are rifle platoons. Men in platoons Bl, B2, B4, 
(CE's), and B5 serve in rifle squads. A typical 
rifle squad consists of three fire teams (but 
may have more or less). A fire team normally 
consists of four men— one automatic rifleman and 
three riflemen; a fire team, however, may have 
only three men. If a squad has only one automatic 
rifle, a typical fire team (other than the one with 
the automatic rifle) will consist of one rifleman 
with a grenade launcher and three ordinary 
riflemen. 

In a Construction Battalion (large) platoon B3 
is the automatic weapons platoon. The type of 



automatic weapons provided will depend upon the 
location and the type of combat expected. Typ- 
ically, the platoon will have three .30 caliber 
machine guns and two .50 caliber machine guns. 
Under certain conditions this platoon might be 
assigned a 3.5 inch rocket launcher or other 
heavy weapons. A typical machine gun crew con- 
sists of four men: a gunner, assistant gunner, 
an ammunition carrier, and a rifleman. The 
assistant gunner and ammunition carrier are 
armed with rifles. Men in the weapons platoons 
who are not in the machine gun crew (or a 
rocket launcher crew) act as riflemen. 



MOBILE CONSTRUCTION BATTALION 

In peacetime, Construction Battalions (large) 
normally do not operate; MCB's carry out most 
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assignments of the Naval Construction Forces. 
An MCB may also operate during wartime. The 
peacetime strength of an MCB (P-25) varies 
between 225 and 550 men. 

Figure 10-2 shows the typical organization 
of an MCB. You will note that this organization 
is essentially the same as for a large battalion. 
The main difference is that the strength of H, 
A, and B companies is reduced. D company is 



deactivated entirely and C company may have 
four platoons instead of three. Onboard strength 
of an MCB may vary considerably; the number 
of personnel is tailored to meet operating con- 
ditions in the area where the battalion is 
deployed. Nevertheless, the organization pattern 
remains basically the same. It is expected that 
when a man is transferred from one battalion to 
another he can quickly grasp his functions in 
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Figure 10-2.— Construction/combat organization for 
Mobile Construction Battalion (MCB). 
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the new battalion without the need for extensive 
orientation. Similarly, if a man is transferred 
from an MCB to a Construction Battalion large 
(or vice versa), there is virtually no problem 
in learning how he fits into the new organization. 

COMBAT OPERATIONS 

In combat, the battalion, companies, squads, 
and fire teams operate on the principles given 
for the individual and the group in the Landing 
Party Manual , 1 960 OpNav P34-03. Every officer 
and man must understand his combat responsi- 
bilities, as well as his construction duties. 

Although the combat principles spelled out in 
the Landing Party Manual apply to Construction 
Battalions (large) and to MCB's the recom- 
mended organization does NOT apply; the per- 
sonnel strength of a naval infantry battalion does 
not match the strength of a Construction Bat- 
talion either large or mobile. For example, a 
rifle platoon of an infantry battalion has one 
officer (a lieutenant (jg) or ensign) and 44 
enlisted men. In a Construction Battalion 
(large) the strength of a rifle platoon varies from 
52 men to 84 men, with one warrant officer. 
Furthermore, the second in command of a rifle 
platoon of an infantry battalion is normally a 
petty officer second class; the second in com- 
mand of a rifle platoon of a Construction Bat- 
talion (large) is normally a chief petty officer. 
In some cases a CPO may act as platoon leader. 
He may also be a fire team leader and squad 
leader. Thus, the range of duties that a petty 
officer may be assigned varies more in a Con- 
struction Battalion than in an infantry battalion. 

One method of keeping standard rifle pla- 
toons (that is, three squads to a platoon) is to 
assign extra men to platoon headquarters. The 
alternative is to have more squads than the 
three recommended in the Landing Party Manual. 
Two machine guns (or sometimes three) make up 
one section. Under normal conditions a section 
is the fire unit. This means that two guns are 
generally assigned the same mission. A section 
may be split under any of the following conditions: 
(1) when thefront is overly extended, (2) when the 
field of fire is poor, or (3) when guns need to be 
placed in depth (as with reserve units). 

Machine guns employed through the defensive 
position normally have one or more of the follow- 
ing missions: 

1. To serve as the final protective line 

2. To serve in close support of the main 
line of resistance 



3. To provide depth to the defensive position 

4. To protect the flanks and rear 

5. To support counterattacks 

The main consideration in the selection of 
firing positions for machine gun sections is the 
accomplishment of the assigned mission. Other 
factors, however, must also be considered. 
Cover and concealment of the gun and crew are 
essential if the gun is to remain inaction; auto- 
matic weapons such as machine guns are almost 
always the main target of enemy infantry. In- 
telligent use of natural terrain will reduce labor 
and time necessary to construct gun emplace- 
ments. 

In selecting machine gun positions considera- 
tion should be given to the routes of ammunition 
supply which will provide maximum protection. 
When the original supply of ammunition is ex- 
hausted, a route by which additional ammunition 
can be brought up is essential. 

In most cases it is necessary to clear a field 
of fire for a machine gun. Only enough foliage 
to allow an unobstructed field of fire should be 
cut; the clearing of all foliage makes it easier 
for the enemy to locate the gun position. 

When a section is emplaced, the two guns 
should be at least 30 yards apart. Separating the 
guns makes it more difficult for the enemy to 
score hits with mortar or artillery fire. 

If the company captures an enemy position, 
immediate steps must be taken to hold it. The 
principal means of holding a captured position is 
a quickly developed machine gun fire plan. As 
soon as the position is taken from the enemy, 
machine guns must be moved up for protection. 
The entire front andflanksof the company should 
be covered by assigning overlapping sections of 
fire to each machine gun section. The positions 
for the machine guns are selected by the platoon 
commander in accordance with instructions of 
the company commander. 



TACTICS FOR RIFLE UNITS 

During combat, fire teams, squads, platoons, 
companies, and the battalion operate according to 
the general principles stated in the Landing Party 
Manual. The battalion commanding officer is 
responsible for battalion tactics during combat if 
the entire battalion is engaged. Company com- 
manders are responsible for company tactics 
and platoon leaders for platoon tactics. As 
mentioned before, a chief may occasionally have 
to serve as platoon leader, and therefore platoon 
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tactics are discussed in this chapter. Normally 
chiefs serve as squad leaders with petty officers 
first class serving as leaders of fire teams. 

Tactics for fire teams, squads, and platoons 
are all discussed in this chapter. 

Fire Teams 

A fire team is the smallest combat unit of a 
rifle platoon. It consists of a leader, an automatic 
rifleman, as assistant automatic rifleman, and a 
rifleman, A fire team sometimes consists of a 
leader and three riflemen, one of whom has a 
grenade launcher. The fire team leader is usually 
a petty officer first class but may be a second 
class or chief. The remainder of the team may be 
petty officers second class, third class, or con- 
structionmen. Every member of a fire team must 
understand the duties of every other member and 
must be prepared to assume any position on the 
team. 

The fire team leader is responsible for the 
employment of his team during combat, for fire 
discipline and fire control of the team, and for the 
condition of the team's weapons and equipment. 
(Fire discipline and control are discussed later.) 

A fire team leader takes his orders from the 
squad leader. In the absence of the squad leader, 
the senior fire teamleader takes command of the 
squad. During combat, thefire teamleader takes 
position where he can best carry out the orders 
of the squad leader while observing and control- 
ling his fire team. If there is an automatic rifle 
with the team, the fire team leader locates him- 
self near enough to this weapon to exercise 
effective control over it. Besides his primary 
function, the fire team leader serves as rifleman. 

CHARACTERISTICS OF FIRE TEAM FOR- 
MATIONS. -Standard formations for the deploy- 
ment of fire teams are the column, wedge, 
skirmishers right/left, and echelon right/left. 
These formations are shown in figure 10-3. 

The COLUMN formation permits rapid, well- 
controlled movement. It is vulnerable to enemy 
fire from the front, however, and should be 
changed when maximum fire power is needed to 
the front. 

The WEDGE formation permits good control 
and use of almost all fire to the front. It provides 
all around protection and readiness for action in 
any direction. 

The SKIRMISHER formation allows use of 
maximum fire power to the front. It is best 
employed in the assault on an enemy position. 



The ECHELON formation is similar to the 
skirmisher formation except that one flank is 
drawn back from the front, permittingfire to the 
front or flank. 

USE OF FIRE TEAM FORMATIONS. -Initial 
formations are usually ordered by the platoon 
leader for the squads, and by the squad leaders 
for the fire teams. Thereafter, each leader will 
determine his unit's formation after giving con- 
sideration to the mission, the terrain, and the 
location and strength of the enemy. Thus, a fire 
team leader may change the formation of his unit 
to reduce casualties from hostile fire, to present 
a less vulnerable target, or to negotiate difficult 
or exposed terrain. Although there is a fire team 
formation which is more or less appropriate to 
each squad formation, a squad may contain fire 
teams which are ina variety of formations; these 
formations may be shifted frequently to take 
advantage of circumstances. In any event, the 
tactical disposition of the fire teams in a squad 
must never be one in which one team will mask 
the fire of another. 

It is not essential that exact distances and in- 
tervals be maintained between fire teams, or 
between individuals in a team, as long as good 
control is maintained. Sight or voice contact 
should be maintained within the fire team, and 
also, when practicable, between fire team lead- 
ers and squad leaders. 

All movements incidental to shifting forma- 
tions should be by the shortest practicable 
routes. Backward or lateral movements must be 
avoided whenever possible. During any move- 
ment, the greatest possible advantage must be 
taken of available cover and concealment. 

Squads 

A squad consists of the squad leader and two 
or three fire teams. 

The squad leader carries out the orders 
issued by the platoon leader. He is responsible to 
the platoon leader for the control and conductor 
his squad at all times, and he is also responsible 
for the fire discipline, fire control, and maneuver 
of his squad. He takesposition where he can best 
carry out the orders of the platoon leader and 
observes and controls the squad. The squad 
leader participates in the firing only in critical 
situations. 

CHARACTERISTICS OF SQUAD FORMA- 
TIONS.— Standard formations for the deployment 
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Figure 10-3.— Basic formations of the fire team. 
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Of the rifle squads are: squad column (column 
of fire teams) (fig. 10-4); squad wedge (one fire 
team forward, two fire teams back) (fig. 10-5.); 
squad vee (two fire teams forward, one fire team 
back) (fig. 10-6); squad line (line of fire teams) 
(fig. 10-7); squad echelon right/left, (fig. 10-8). 



In squad column the fire teams are arranged 
in succession one behind another. This formation 
is vulnerable to fire from the front. However, 
it is easily controlled and maneuvered. 

The squad wedge and squad vee formations 
provide security to both front and flanks, favor 
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Figure 10-4.— Squad column, fire teams 
in column. 
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Figure 10-5.— Squad wedge, fire teams 
in wedge. 



maneuver and control, and also provide flexi- 
bility in meeting new tactical situations. The 
factors that usually determine which of these 
formations is to be employed are the terrain, the 
frontage which the squad is to cover, and the 
proximity and actions of the enemy. 

The squad line formation places all three 
teams abreast of one another on a line. It 
permits the squad leader to develop the maximum 
fire power to the front in the shortest time. It is 
suitable for rapidly crossing an area exposed to 
hostile long range machine gun fire from the 
front or artillery fire which cannot be avoided. 

The squad echelon right formation may be 
used to protect an exposed right flank; it per- 
mits maximum fire to be delivered promptly 
toward that flank or the right front. The squad 
echelon left formation accomplishes the same 
purpose for the left front and left flank. The 
standard combat formations for the squad (or for 
the fire team) should be based on the tactical 
situation. 

SQUAD DEFENSIVE ROLE. -A rifle squad 
normally defends an assigned portion of an area 
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Figure 10-7.— A. Squad line, fire teams in we<jge; 

B. Squad line, fire teams skir- 
mishers right and left. 2.230 



defended by a platoon. On rare occasions a squad 
may be assigned to a location separate from the 
platoon— for example, a combat outpost (dis- 
cussed later). 

The rifle squad's role in the defense depends 
upon the mission to which assigned. This mission 
may be as part of the holding garrison, as a 
security element, or as a part of the reserves. 
As part of the holding garrison, the squad 
occupies a defense area on the main line of 
resistance (an imaginary line along the forward 
edge of the battle position designed to coordinate 
the fires of all units and supporting weapons). 
The squad position is normally 50 to 100 yards 
wide and up to 50 yards deep. The squad may tie 
in with adjacent squads, or gaps may exist be- 
tween positions. This depends on the nature of the 
terrain, the size of the platoon defense area, and 
other factors. When gaps between squads exist, 
they must be covered by fire. The platoon leader 
assigns sectors of fire to his squads, each of 
which overlaps sectors of adjacent squads. 



A squad serving as a security element is 
located forward of the main line of resistance. 
The squad's usual mission in this capacity is to 
gain information of the enemy and to delay his 
advance. The squad leader notifies the platoon 
of the enemy's strength, actions, direction of 
advance, and weapons and equipment. On order, 
the squad withdraws along a predetermined route 
to the line of main resistance. 

If the squad is to serve as part of the 
reserves, it isplacedtotherear of the front-line 
units. A reserve squad may be ordered to defend 
a position from which tolimit enemy penetration 
of the main line of resistance; or the squad may 
be ordered to counterattack as part of a larger 
force. 

LEADING THE SQUAD.^After the platoon 
leader gives orders for defense of the area, the 
squad leader should make a reconnaissance of 
the area assigned his squad and assign each fire 
team to a particular location. As a squad leader, 
select an area for yourself where you can best 
control the squad. Have the men dig fox holes or 
camouflage themselves as necessary. 

After combat activities begin, maintain 
personal contact with other squad leaders and the 
platoon leader, to the extent possible. Through 
this contact, you can coordinate the fire of your 
squad with the fire of adjacent squads. If there 
are supporting weapons such as machine guns, 
rockets, or recoilless rifles in the area, be sure 
that these weapons receive adequate protection. 
Also see that flanks and the rear are guarded. As 
a squad leader you may issue orders directly to 
the squad members or only to the fire team 
leaders, depending upon time available and 
circumstances. Orient your men on the map (if 
one is available) and on the ground by pointing 
out the direction of north; also indicate the fire 
direction from which the enemy attack is ex- 
pected. Ensure that your squad understands its 
mission and its fire sector. Order the squad to 
shift its fire if an adjacent area is overrun, and 
move the squad as necessary to protect the 
flanks. 

Platoons 

The leader of a rifle platoon is normally a 
lieutenant (jg), an ensign, or a warrant officer. 
Sometimes, however, a chief must act as platoon 
leader. 

In a naval landing party a rifle platoon 
normally consists of three rifle squads, platoon 
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Figure 10-8.— Squad echelon right 

headquarters, and a platoon leader. As stated 
before, the organization of a platoon in an MCB 
varies according to the needs of the battalion 
and the personnel available. Since there are 
more men in a typical MCB platoon than in a 
landing party platoon, there may be four, in- 
stead of three, squads in an MCB platoon. 
Platoon headquarters consists of riflemen and 
messengers. 

PLATOON FORMATIONS. -Standard forma- 
tions for the deployment of a platoon are similar 
to those for the squad; they are the platoon 
column, vee, line, wedge, and echelon right/left. 

The PLATOON COLUMN is generally used 
for approaching an enemy position that is 
believed to be directly to the front but that has 
not yet been located. It is normally the best 
formation for movement in woods, smoke, fog, 
at night, and along trails. The platoon column is 
easy to control and is flexible; it provides some 
all-around protection and permits immediate 
action toward the flank. 

The PLATOON VEE is used when the enemy 
is believed to be directly to the front and his 
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and left, fire teams in wedge. 

approximate strength and location are known. It 
provides security to the front and both flanks and 
favors maneuver and control. 

The PLATOON LINE is used when the location 
and strength of the enemy are known. It lets the 
platoon deliver the greatest fire power to the 
front in the shortest time. It is very useful during 
the assault phase of an attack or to cross an area 
exposed to mortar, artillery, or long-range 
machine gun fire. 

The PLATOON WEDGE is used when little Is 
known of the enemy strength and disposition or 
when the platoon is acting alone. It provides a 
high degree of flexibility, gives all-around 
protection, and is easy to control. 

The PLATOON ECHELON RIGHT OR LEFT 
is used to protect an open or exposed flank. It 
permits heavy fire to the front and in the 
direction of the echelon. 

LEADING THE PLATOON. -After receiving 
the order from the company commander, it will 
be up to the platoon leader to do the following: 

1 . Select a vantage point. Accompanied by the 
platoon guide and messengers (runners), he 
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should move to his platoon defense area and 
select a position from which he can view as much 
as possible of the platoon defense area and area 
forward of the main line of resistance. 

2. Arrange to meet subordinate leaders and 
have platoon move forward. Assuming the platoon 
has remained in the company assembly area 
while the company defense order was given, the 
platoon commander should send a messenger to 
bring the squad leaders to the platoon vantage 
point. This messenger may also tell the platoon 
chief to move the platoon to the platoon as- 
sembly area designated by the platoon leader 
within or just behind the platoon defense area. 

3. Plan and make a reconnaissance. The 
platoon leader should plan and make his recon- 
naissance while the platoon and the squad leaders 
are moving forward. If the enemy situation 
allows, he should begin on the enemy side of the 
main line of resistance in order to see his 
position, and routes of approach to it, from the 
enemy viewpoint. He should then walk along the 
main line of resistance and examine the rear of 
the platoon defense area. During his recon- 
naissance, he should select positions for his 
squads. He should also select an observation 
post. He should decide the tactical organization, 
fire plan, and how the platoon will organize the 
ground. 

4. Contact adjacent and supporting unit lead- 
ers. He should make these contacts to coordinate 
his fire with theirs. Meetings between platoon 
leaders should take place at the juncture of pla- 
toon defense areas. Although company command- 
ers coordinate fires between companies, platoon 
leaders on the company flank should check with 
adjacent flank platoon leaders to ensure fires 
have been properly coordinated platoon-wise. 

5. Orient subordinate leaders. After com- 
pleting the reconnaissance and meeting other 
platoon leaders, the platoon leader should return 
to his vantage point to orient his subordinate 
leaders. The squad leaders should be shown the 
expected direction of enemy attack, the limits of 
the platoon front, the location of adjacent and 
supporting platoons, locations and missions of 
supporting weapons within the platoon area, and 
the general position tobeoccupiedby the squads. 

6. Issue the defense order. The platoon leader 
should then issue the orders he received from the 
company commander: They should be complete 
and practical. The more of the situation the men 
know, the better the platoon's chances of success. 

7. Supervise the execution of the order. 
After issuing the order the platoon leader must 



supervise its execution. He must point out to each 
squad leader his sector of fire, and the principal 
direction of fire for each automatic rifle. He must 
ensure that his fire plan is being properly pre- 
pared and that the avenues of approach not 
covered by machine gun grazing fire are well 
covered by automatic rifle fire (grazing fire is 
fire in which the trajectory is no higher than the 
height of a man standing). He must also enforce 
proper camouflage and noise discipline. The 
supervisory duties of the platoon leader never 
cease; he must continuously improve ground 
organization as long as the position is occupied. 

PLATOON DEFENSIVE ORGANIZATION.- 
The rifle platoon will usually best accomplish its 
mission with three squads abreast, facing the 
expected direction of attack. This enables the 
platoon to place its fire power in front of the main 
line of resistance. Squads are not kept in reserve 
for the missions normally assigned a reserve 
unit. These missions are more effectively ac- 
complished by units with more combat power than 
a squad. The platoon with three squads abreast is 
able to cover its front and the intervals on its 
flanks, and also mutually support adjacent 
platoons. When a narrow gap exists between 
platoons, it is possible to place the squads 
abreast without echeloning the flank squads rear- 
ward. A wide gap necessitates bending back the 
flank squads in order to gain mutual support be- 
tween platoons. Each squad is assigned a sector 
of fire which overlaps that of the adjacent squads, 
including those of adjacent platoons. When two 
squads can cover the platoon front by fire and a 
suitable depth position exists in the platoon 
defense area, one squad may be placed in the 
depth position. The depth squad must, however, 
be able to bring its fire to bear forward of the 
main line of resistance. 

SUPPLEMENTARY POSITIONS. -The rifle 
platoon must be able to defend its area against 
attack from any direction. Squad supplementary 
positions which allow the squad to fire to the 
flanks and rear are therefore prepared. These 
positions should be located as close to the 
primary position as the terrain permits; a good 
field of fire is essential. A squad on a forward 
slope might have its supplementary position just 
below the crest of the hill. The depth of a platoon 
area is determined by these supplementary posi- 
tions. It is normally 200 yards or less. In open, 
flat terrain riflemen can shift their fire to the 
rear without changing position, thereby lessening 
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the depth of the defense. When supplementary 
positions are necessary, it is not anticipated that 
men can be readily shifted from one position to 
the other during a fire fight; the move would be 
overly dangerous. Adjustments should be made 
only when conditions permit and the situation 
dictates a change. Natural cover, drainage 
ditches and other covered routes should be used 
in moving to supplementary positions. If time 
permits, communication trenches may be pre- 
pared between positions. 

TECHNIQUE OF FIRE 

The technique of fire is the application and 
control of the combined fire unit. A rifle fire unit 
is a group of riflemen or automatic riflemen 
whose fire is under the immediate and effective 
control of a leader, A machine gun fire unit is a 
machine gun section (normally two gups) under 
the immediate control of a leader. 

There are many aspects of the techniques of 
fire, including characteristics of fire, classes 
of fire, range estimations, fire discipline, fire 
control, fire distributions, and fire commands 
among others. In a training course it is not pos- 
sible to discuss all of these fully. The Landing 
Party Manual contains a full discussion on all of 
these, as well as related topics. 

RANGE ESTIMATION 

In battle, ranges are seldom known in advance 
of actual combat. In order to bring effective fire 
on the enemy, men must be trained to estimate 
ranges quickly and accurately. Estimations are 
made either by eye or by observation of fire. 

Estimation by the eye is the usual method 
of estimating range. It is accomplished by 
mentally applying a unit of measure to the 
distance to the target; the normal unit of 
measure is 100 yards. This method is difficult 
to apply to distances over 500 yards; for 
greater distances, the best procedure is to 
select a point halfway to the target and to apply 
the 100-yard unit. The result is then doubled. 

It may also be possible to make eye esti- 
mations by mentally composing an arc between 
the target and a nearby object to the right or 
left of the target and estimating the distance 
to the object. This distance is considered the 
range to the target. This method is useful when 
much of the ground between the observer and 
the target is hidden. 



It is also sometimes possible to estimate 
the range by the appearance of objects near 
the target. 

Accurate estimation of ranges by eye re- 
quires considerable practice over all types of 
terrain and under all conditions of visibility. 
The use of ranges with known distances and 
with markers every 100 yards is recommended 
for training purposes. 



FIRE DISCIPLINE 

Fire discipline is the state of order, cool- 
ness, efficiency, and obedience existing among 
troops in a fire fight. It implies the careful 
observance of instruction in the use of the 
weapons in combat and execution of the exact 
orders of the leader. Fire discipline is neces- 
sary for proper control by leaders. The effec- 
tiveness of collective fire depends upon control 
by the leaders. 

Fire discipline is maintainedby unit leaders. 
In a platoon the responsibility rests with the 
platoon commander, assisted by the squad and 
fire team leaders. 

Fire discipline in the squad is the respon- 
sibility of the squad leader. There is a tendency 
for untrained machine gunners and riflemen to 
open fire at night noises and other imaginary 
targets; this gives away positions and wastes 
ammunition. The squad leader must train his 
men in proper fire discipline. 



FIRE CONTROL 

Fire control includes all operations con- 
nected with the preparation and actual appli- 
cation of fire to a target. It implies the ability 
of the leader to have his unit open fire at the 
instant he desires, adjust the fire of weapons 
upon the target, shift the fire from one target 
to another, regulate the rate of fire, and cease 
firing at will. Lack of proper fire control re- 
sults in loss of surprise effect, premature 
disclosure of position, misapplication of fire 
on unimportant targets, and waste of ammunition. 
Discipline and correct training are essential 
for adequate fire control. 

The platoon commander's order to his squad 
leaders may do any of the following: (1) assign 
a mission to the squad, (2) give the firing 
position area each squad will occupy and the 
targets it will engage, or (3) desig^nate the 
sector of fire each squad will cover. 



204 



Chapter 10-DEFENSIVE COMBAT 



The squad leader's order prescribes the 
location for each weapon and the targets to be 
engaged or sector of fire to be covered. 

In the absence of orders from higher author- 
ity, fire is opened, lifted, or shifted by platoon 
or squad leaders. They also regulate the rate 
of fire. 



FIRE DISTRIBUTION 

To be effective, fire must be distributed 
over the entire target. Improper distribution 
results in gaps and may allow part of the enemy 
to escape, to advance, or to use his weapons 
without effective opposition. 

Fire from a rifle unit is either CONCEN- 
TRATED or DISTRIBUTED. CONCENTRATED 
fire is directed at a single point— for example, 
an enemy machine gun or automatic rifle. 

DISTRIBUTED fire is distributed in width 
to keep all parts of the target under effective 
fire. Each rifleman fires his first shot at that 
portion of the target that corresponds roughly 
to his own position in the squad. Thereafter, he 
distributes his shots a few yards to the right 
and to the left of his first shot. 

The automatic rifleman normally fires at 
the entire squad target in short bursts. All 
squad members should fire upon positions most 
likely to contain anenemy— for instance, bushes, 
stumps, rocks, and patches of long grass. 

A machine gun section (two guns) normally 
fires at the same target. This ensures con- 
tinuous fire in case one gun is put out of action, 
provides a greater volume of fire on the target, 
and reduces the time required to cover the 
target. 



FIRE COMMANDS 

When the leader of a fire unit (fire team, 
platoon, or machine gun section) decides to fire 
on a target, he gives instruction to his men in 
the form of a FIRE COMMAND. For machine 
guns, a fire command has four elements: 
ALERT, TARGET DESIGNATION, METHOD OF 
FIRE, and the COMMAND TO OPEN FIRE. 

The ALERT designates the gun crew that is 
to fire and alerts them to their fire mission. 
For example, FIRST SECTION, MOVING TAR- 
GET (or stationary targets, vehicles, or the 
like). 

The TARGET DESIGNATION includes the 
direction of fire (such as FRONT) the target 



description (such as COLUMN OF TROOPS), 
and the range (usually in yards— for example, 
FIVE FIVE ZERO). 

The METHOD OF FIRE designates the man- 
ner in which the target is to be engaged (for 
example, whether both guns will be trained on 
the same target or adjacent targets) and the 
rate of fire (rapid, medium, or slow). 

The COMMAND TO OPEN FIRE may be 
COMMENCE FIRING or simply FIRE. If the 
leader wants to bring about a large volume of 
surprise fire, his command may be COM- 
MENCE FIRING ON MY COMMAND. When all 
gunners have located the target, he then gives 
the order to fire. 

There are six basic elements in a fire 
command for riflemen and automatic riflemen: 
ALERT, DIRECTION, TARGET DESCRIPTION, 
RANGE, TARGET ASSIGNMENT, and FIRE 
CONTROL. 

The alert brings the unit to a state of 
readiness to receive further information— for 
example, SQUAD (or FIRE TEAM NUMBER 
ONE). If all men in the unit are not to fire, the 
leader may designate men by names after giving 
the SQUAD or FIRE TEAM alert. 

The DIRECTION element tells the riflemen 
which way to look to see the target— for in- 
stance, RIGHT FRONT. The leader may indicate 
the direction orally, by pointing, or by firing a 
tracer 

The TARGET DESCRIPTION should be brief 
and clear-for example, AUTOMATIC WEAPON, 
SNIPER, or TROOPS IN CLUMP OF TREES. 

The RANGE may be announced orally or 
indicated by arm and hand signals. 

TARGET ASSIGNMENT designates who is 
to fire at the target. If all personnel in the unit 
have been alerted and if it is desired that they 
all fire at the target, this element may be 
omitted. 

The FIRE CONTROL element normally con- 
sists of the command COMMENCE FIRING or 
simply FIRE. It may, however, also include the 
command to FIRE FASTER, FIRE SLOWER, or 
CEASE FIRE. 

OUTPOSTS 

An outpost is a security detachment dis- 
tributed at some distance from the main body 
of troops which are at a halt, in camp or 
bivouac, or in battle position. The purpose of 
an outpost is to protect friendly forces from 
observation and surprise by the enemy. 
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The location and nature of an outpost are 
determined by the enemy capabilities, terrain, 
and the location of the main body (platoon, 
company, or battalion). The strength and com- 
position of an outpost vary with the distance, 
mobility, armament, and attitude of the enemy. 
Other factors affecting strength and composition 
include the time of day, size of command to be 
secured, degree of resistance desired, and 
special tasks assigned. 



MISSION OF OUTPOSTS 

The primary mission of an outpost is se- 
curity. This mission is developed by any or 
all of the following: 

1 . Reconnaissance. 

2. Observing and reporting information re- 
lating to activity of the enemy. 

3. Preventing the enemy from gaining 
information. 

4. Giving warning of a hostile attack. 

5. Deceiving the enemy as to the location 
of the main body or the battle position. 

6. Developing enemy dispositions and de- 
laying the hostile attack to allow the main 
force to prepare for combat. 

There are two basic types of outposts: 
GENERAL OUTPOSTS and COMBAT OUTPOSTS. 
A general outpost is established to delay and 
disorganize the advance of the enemy and to 
deceive him as to the true location of the 
battle position. A general outpost normally 
consists of larger forces than are available 
to a battalion; therefore, general outposts nor- 
mally play no part in battalion combat operations. 

A combat outpost covers the foreground of 
the battle position. It is normally the foremost 
element on the command. As a rule, the outpost 
is located from 800 to 2,000 yards from the 
main line of resistance or the camp or bivouac 
area. 

A combat outpost consists of a series of 
outguards with appropriate sentinels and patrols. 
An outguard varies in strength from one fire 
team to a full platoon, depending upon the 
situation. Not infrequently, an outpost will 
consist of one squad. The squad leader (or other 
unit leader of an outpost) has the following 
duties in connection with outguard duty: 

1. Checking to see that observation posts 
are well concealed and, at the same time, are 
able to observe the ground over which the 
enemy is expected to advance. 



2. Checking to see that patrols are fol- 
lowing the prescribed routes. 

3. Passing on to his men all available 
information regarding both friendly and enemy 
forces, including any special orders. 

4. Instructing his men as to what action to 
take in case of enemy attack. 

5. Informing the platoon or company com- 
mander immediately of enemy activity. 

Outguards must be ready for action at all 
times. Although their primary mission is ob- 
servation, they will normally fire on small 
hostile reconnoitering groups. 

The sentries of an outguard are designated 
observation posts. They are the lookouts who 
give the alarm in case of attack or other 
hostile activity. Frequently sentries are posted 
in pairs. 

The patrols of an outpost conduct recon- 
naissance within the limits required by their 
security mission. A patrol executes recon- 
naissance in advance of the line of sentinels 
and in areas not covered by the sentinels. 
Patrols also maintain contact between elements 
of the outposts. Patrolling beyond the sentinels' 
line of observation is increased during periods 
of low visibility and at night. 

COMBAT SIGNALS 

Oral communication is often difficult or 
impossible under combat conditions. A system 
of arm-and-hand signals and of sound signals 
has therefore been developed. It is obvious that 
every man in a fire team must understand these 
signals. Since Constructionmen are required to 
serve in fire teams, Seabee personnel must 
learn arm-and-hand and sound signals before 
becoming Constructionmen. Starting with the 
Navy Training Course for Constructionmen, 
numbered NavPers 10630-C, these signals will 
be described in that course. 

Practice in the use of combat signals is 
essential if they are signals to be used effec- 
tively. If you do not already know all arm-and- 
hand signals and audible signals, study the 
Landing Party Manual, Marine Corps Publi- 
cations, or other sources where these signals 
are given. Several of the more common signals 
are shown and discussed in this chapter. 

WHISTLE SIGNALS 

As a rule, only three whistle signals are used, 
since a large variety could cause confusion. 
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The three commonly used are (1) ATTENTION 
TO ORDERS, (2) CEASE FIRING, and (3) HOS- 
TILE AIRCRAFT or MECHANIZED VEHICLE. 

Attention to orders is indicated by one short 
blast on the whistle. It is used to fix the at- 
tention on the unit leader who gives the signal 
and means that other signals, orders, or com- 
mands are to follow. 

Cease firing is indicated by one long blast 
on the whistle. This signal is verified im- 
mediately by an arm-and-hand signal or by 
some other means. 

Hostile aircraft or mechanized vehicle is 
indicated by three long blasts repeated several 
times. 



SPECIAL SIGNALS 

Special signals cover all the special methods 
and devices used to transmit commands or in- 
formation. Rifle shots or automatic rifle bursts 
may be used if the entire command is acquainted 
with their meanings and the sound is distinct 
enough to be heard easily. A squad leader 
operating at night may find the use of raps on 
his helmet or rifle effective. Signals must, of 
course, be determined and practiced before they 
are used. Various pyrotechnic and smoke signals 
may be designates as signals to attack, withdraw, 
mark front lines, or indicate targets. 

Certain special signals are standard for all 
branches of the armed services to indicate the 
approach or presence of hostile aircraft or 
mechanized vehicles. They are as follows: 

1. Three long blasts of a whistle, vehicular 
horn, siren, or klaxon repeated several times. 

2. Three equally spaced shots with rifle or 
pistol. 

3. Three short bursts of fire from automatic 
small arms. 

In daylight, the individual giving the signal 
should point toward the danger; at night, the 
alarm should be supplemented by voice warning 
to indicate the direction— for example, ENEMY 
TANKS APPROACHING BY THE NORTH ROAD 
or HOSTILE AIRCRAFT APPROACHING FROM 
THE WEST. 

Unit leaders should devise special signals 
whenever they appear to be useful in a particular 
situation. Before devising a special signal for 
your unit, make certain that higher authority 
has not designated some other meaning to the 
same signal. 



ARM-AND-HAND SIGNALS 

The Landing Party Manual shows 35 arm- 
and-hand signals to be used under conditions of 
combat. Certain basic rules which follow govern 
the use of these signals. 

1. Subordinate leaders should repeat signals 
to their units whenever necessary to ensure that 
the signal has been received by all concerned. 

2. A second signal should not be given before 
the first one has been executed. 

3. If a signal is to be executed by a particular 
subordinate unit or units of a command, a signal 
designating the unit or units will precede the 
signal for the movement. For example, if a 
squad is to be signaled to form a column the 
signal SQUAD (fig. 10-9) should first be given 
before signaling FORM COLUMN, (fig. 10-10) 
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Figure 10-9.-Squad. 




Figure 10-10.— Form column. 
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4. If a movement is to be executed in unison, 
the signal should be followed by the signal 
ARE YOU READY? (fig. 10-11) For example, 
if a squad leader desires each of his fire teams 
to form a wedge simultaneously, he should 
first signal FIRE TEAM (fig. 10-12) and then 
WEDGE (fig. 10-13); next he should signal ARE 
YOU READY? The fire team leaders must 
repeat the signal (When repeated by unit leaders 
the READY signal means I AM READY.) When 
the squad leader drops his arm after the fire 
team leaders have repeated the signal, all fire 
teams execute the signal simultaneously. 

5. Signals requiring a change of direction 
have no connection with the direction in which 
the person who gives the signal is facing. 
Direction of movement is indicated by the 
direction in which the arm of the signaler points. 

As previously mentioned, there are 35 arm- 
and-hand combat signals, some of which have 
already been discussed. A discussion of other 
common ones follows. 

The PLATOON signal (fig. 10-14) is made 
by extending both arms forward toward the 
leader (s) or unit(s) for whom the signal is 
intended, palms down; describe large vertical 
circles with the hands. 
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Figure 10-11.— Are you ready? or 
(I) we are ready. 
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Figure 10-12.— Fire team. 




Figure 10-13.— Wedge. 

The VEE formation (fig. 10-15) is signaled 
by extending the arms above the head at an 
angle of 45 degrees, forming the letter V with 
arms and torso. 

SKIRMISHERS, RIGHT/LEFT (fig. 10-16) is 
indicated by raising both arms laterally until 
they are horizontal, with arms and hands ex- 
tended, palms to the front. If it is necessary 
to indicate right or left, swing the arm and hand 
on the side toward which you desire the deploy- 
ment to be made, upward until vertical and back 
immediately to the horizontal position. Repeat 
the swinging several times, holding the otlier 
arm and hand in the horizontal position until the 
signal is understood. 

ECHELON RIGHT or ECHELON LEFT is 
signaled by facing the units to be signaled and 
extending the arm in the direction in which the 
unit(s) are to be echeloned, downward to the 
side at an angle of 45 degrees below the 
horizontal, palm to the front. Extend the other 
arm upward and to the side at an angle of 45 
degrees, palm to the front. Extend the other 
arm upward and to the side at an angle of 45 
degrees, palm to the front. (See figure 10-17.) 




Figure 10-14. — Platoon. 
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Figure 10-16.— Skirmishers, right/left. 
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Figure 10-17.-Echelon right/left. 

ENEMY IN SIGHT (fig. 10-18) is indicated 
by holding the rifle horizontally above the head 
with arms extended. 

COMMENCE FIRING (fig. 10-19) is signaled 
by extending the arm in front of the body, waist 
high, palm down, and moving it through a wide 
horizontal arc several times. 

CEASE FIRING (fig. 10-20) is signaled by 
raising the forearm in front of the forehead, 
palm to the front, and swinging it up and down 
several times in front of the face. 
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Figure 10-19.— Commence firing. 
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Figure 10-20.— Cease firing. 

The ASSEMBLE sign (fig. 10-21) is made by 
raising the hand vertically to the full extent of the 
arm, fingers extended and joined, and describing 
large horizontal circles with the arm and hand. 

FORWARD (fig. 10-22) is indicated by facing 
and moving in the desired direction of the 
march; at the same time, the hand is extended 
vertically to the full extent of the arm, palm to 
the front; the arm and hand are lowered in the 
direction of movement until horizontal. 

The signal for HALT (fig. 10-23) is to carry 
the hand to the shoulder, palm to the front, then 
thrusting the hand upward vertically to the full 
extent of the arm and holding it in that position 
until the signal is understood. 
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Figure 10-23. -Halt. 
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CHAPTER 11 

ABC WAREFARE DEFENSE EQUIPMENT 



INTRODUCTION 

With the advent of the atom bomb, it is 
apparent that new tactical weapons are avail- 
able to both enemy and friendly troops. For every 
new weapon developed there is a constant search 
for weapons, or devices to counteract the effect 
of that weapon. 

The only defense against the blast of nuclear 
weapons, as with conventional weapons, is to be 
properly protected from the direct force and 
destructive phases of that particular warhead. 
However, there is a continuing danger from a 
nuclear explosion that does not exist after a 
conventional explosion. This is the harmful 
radiation that is emitted from a nuclear ex- 
plosion, known as alpha particles, beta particles, 
gamma rays, and neutrons. 

Because of the great unseen radiation dangers 
that will be present in the event of nuclear 
warfare, it will be necessary to use instruments 
that will make the personnel involved aware of the 
intensity of the radiation so that all possible 
precautions can be taken to reduce exposure. 
Even in peacetime, the danger is forever present 
for those who work in many of our laboratories 
and at the various nuclear reactor plants. 

NUCLEAR RADIATIONS 

Nuclear radiations given off by radioactive 
elements consist of four types, ALPHA PAR- 
TICLES, BETA PARTICLES, GAMMA RAYS, 
and NEUTRONS. 

ALPHA PARTICLES are fast- moving helium 
ions. In the un- ionized (natural) state, the helium 
atom has a nucleus made up of two protons and 
two neutrons; around this nucleus revolve two 
electrons. When both electrons are stripped 
from the helium atom in the ionization process, 
the nucleus then carries two positive charges 
(two protons). The helium nucleus, with both 
electrons missing, is the alpha particles. The 
alpha particles that are emitted from the 
nucleus in atomic disintegrations are so large, 
relatively speaking, that they cannot penetrate 
a sheet of paper. 



BETA PARTICLES are streams of fast- 
moving electrons that have been ejected from 
the nucleus following the conversion of a neutron 
into a proton and an electron. The electron 
becomes the beta particle. Beta particles are 
high velocity electrons and, since they are only 
1/7500 as heavy as alpha particles, they travel 
several hundred times farther than the alpha 
particles. But even with this greater speed 
they cannot penetrate a sheet of aluminum more 
than a few millimeters in thickness. 

GAMMA RAYS, as the name implies, are 
not particles at all but a form of electromagnetic 
radiation, very much like light rays or X-rays. 
Gamma rays move at the speed of light, 
186,000 miles per second, and differs from 
light only in having a much higher frequency; 
or putting it another way, their wave length is 
much shorter. Gamma rays have the greatest 
penetrating power of the three forms of nuclear 
radiation explained. To reduce the effect of 
gamma rays following an atomic bomb explosion, 
it is necessary to use lead shielding several 
inches thick, or concrete several feet in thick- 
ness. 

NEUTRON is a fourth type of radiation. As 
the name implies, it carries no electric charge. 
Because it is neutral it can enter into the 
nuclei of atoms of the human body and produce 
nuclear changes that might lead to artificial 
radiation, (Of course, this action is not limited 
to the atoms in the human body.) Destruction 
of the cell is the usual result, and the person 
who has been subjected to intense neutron 
radiation is likely to suffer serious injury, if 
not death as a result of the exposure. 



UNITS OF RADIATION 

Two different quantities are measured by 
radiac instruments: INTENSITY (or dosage 
rate) and DOSAGE (total amount of radiation 
absorbed). Intensity is measured in roentgens 
per hour (r/hr) or MILLIROENTGENS PER 
HOUR (mr/hr) and dosage is measured in 
ROENTGENS or milliroentgens. Roentgens is 
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the amount of X or gamma radiation which 
produces one electrostatic unit (esu) of charge 
per cubic centimeter (cc) of air at standard 
temperature and pressure (STP). This is the 
unit of exposure dose for X or gamma radiation. 

Table 11-1 will give you a general idea of 
radiation effect measured in roentgens, on the 
human body. 

MEASURING EQUIPMENT 

The following portions of this chapter are 
intended to give you enough background in- 
formation to familiarize you with the opera- 
ting and maintenance procedures of the various 
types of radiac and gas alarm gear. The 
devices described in this chapter are not 
necessarily the only devices which you will be 
required to maintain. Some of these will 
become obsolete or will be modified to some 
extent. However, the basic operating and main- 
tenance procedures will be somewhat similar. 



You will NOT be held responsible for major 
repairs or overhauls; however, you will be 
required to perform appropriate field main- 
tenance. You will probably be given specific 
instruction as to what type of maintenance 
you are to perform on these devices. USE 
THE APPROPRIATE INSTRUCTION MANUAL 
FOR ALL RADIAC AND GAS ALARM DEVICES 
YOU ARE TO MAINTAIN. 

The devices with which you will work are 
designated by a joint electronics type desig- 
nations system. A set containing an instru- 
ment, a carrying case, and other auxiliary 
equipment will have a number (such as the 
AN/PDR-18A radiac set). The meter within 
the set may have a different designation for 
example the meter IM-75/PDR- 18A is a part 
of the AN/PDR-18A set. The letter after the 
last number indicates a modified model in 
the same series (for example, the set is a 
modified model of AN/PDR-18.) 



Table 11-1. Probable Effects of Acute Nuclear Radiation Over Whole 
Body (20- KT Bomb; Burst Height, 2,000 Feet) 
NOTE: Assume that personnel have had no significant prior exposure. 



Range from 






ground zero 


Acute dose 


Probable effects 


(yards) 


(roentgens) 




2,000 


50 or less . . 


No symptoms of sickness. No decrease in combat 
effectiveness. 


1,750 


100 


Nausea and vomiting for about 1 day in approximately 
2 percent of personnel. No evacuation needed; all able 
to perform duty. 


1,650 


150 


Nausea and vomiting for about 1 day in approximately 
25 percent of personnel. No evacuation expected. 


1,550 


200 


Nausea and vomiting for about 1 day in approximately 

50 percent of personnel. Evacuation of about 25 percent 
by end of 1 week (par. 87). No deaths anticipated. 


1,450 


300 


Nausea and vomiting in all personnel on first day. 

Evacuation of all as soon as combat conditions permit. 
About 25 percent deaths, reducible by adequate 
treatment. Survivors ineffective for full military duty 
for about 3 months. 


1,350 


450 


Nausea and vomiting in all personnel on first day. 

Evacuation of all as soon as combat conditions permit. 
About 50 percent deaths, reducible by medical treat- 
ment. Survivors ineffective for full military duty for 
about 6 months. 


1,250 


650 


Nausea and vomiting in all personnel within 4 hours. 

Evacuation of all as soon as combat conditions permit 
Up to 100 percent deaths. Survivors ineffective for 
full military duty for over 6 months. 
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SURVEY METERS 

The AN/PDR-18A radiac set is a portable 
instrument used to detect and measure high 
intensity gamma radiation. 

The detection of gamma radiation is ac- 
complished by means of a sensitive phosphor 
element. 



DESCRIPTION 

The radiac set, AN/PDR-18A (fig. 11-1) 
consists of a carrying case, the IM-75/PDR-18A 
radiacmeter, and spare parts for the radiac - 
meter. 

The radiacmeter IM-75/PDR-18A contains 
a sensitive phosphor, a photomultiplier tube, 
a switching circuit for the manual selection 
of intensity ranges, a cathode follower triode, 
a microammeter, a vibrator type regulated high 
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Figure 11-1. -Radiac set AN/PDR-18. 



voltage power supply, and dry cell batteries. 
The instrument case of the IM-PDR/18 is 
equipped with a shoulder strap. A handle, 
located on the front panel as shown in figure 
11-1, provides a hand grip for the operator to 
use when holding the radiacmeter in a position 
where the microammeter can be read. A meter 
range selector switch is located to the right 
of the handle on the front panel. A push-button 
for the control of meter dial illumination is 
located on the handle. A knob for zero setting 
the microammeter is located in the upper right 
corner of the front panel, a similar knob is 
located just above the selector switch on the 
front panel for the calibration of the micro- 
ammeter. The meter ranges are 0.5, 5, 50, 
and 500 roentgens per hour. The meter scales 
are mechanically changed by the range selector 
switch so that only the calibration for the 
selected range appears on the dial of the 
microammeter. To indicate the degree of 
personal danger, each scale has a different 
background color. The color of the 0.5 scale 
is yellow; the 5 scale is orange; the 50 scale 
is pink; and the 500 scale is red. 



OPERATING CONTROLS 

The operating controls for the IM-75/ 
PDR-18A are shown on figure 11-2. 

The RANGE SELECTOR SWITCH is a nine 
position switch that is mechanically geared to 
the meter dial. When the range selector switch 
is in the OFF, A, B, ZERO, or CAL position, 
a plain white dial marked with ZERO, A, B, 
and CAL shows on the meter face. When the 
range selector switch is in the A position, the 
condition of the filament battery is indicated 
by the position of the meter needle with respect 
to the marker A on the meter dial. When the 
range selector switch is in the B position, the 
voltage of the batteries supplying the power to 
the vibrator is indicated by the position of 
the meter needle with respect to the marker 
B on the meter dial. When the range selector 
switch is in the ZERO position, the meter 
needle may be adjusted to zero with the ZERO 
control. When the range selector switch is in 
the CAL position, the radiacmeter may be 
calibrated by adjusting CAL control for full 
scale deflection. The remainder of the positions 
of range selector switch provide different dial 
scales on microammeter for the different ranges 
of operation of the radiacmeter. 
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OPERATION 

To place the IM-75/PDR-18A in operation 
the RANGE SELECTOR switch should be turned 
from OFF to the A position. The meter needle 
should be deflected to the right of the marker A 
on the meter scale. Next, turn range selector 
switch to the B position. The meter needle should 
deflect to the right of the B marker on the 
meter face. Turn range selector switch to the 
ZERO position and adjust ZERO control for zero 
deflection on the meter scale. Turn range 
selector switch to the GAL position and adjust 
CAL control until full scale deflection is ob- 
tained. 

CAUTION: When turning the range selector 
switch to the CAL position, make 
sure that the switch is fully en- 
gaged In the detent provided for 
that position. Failure to do this 
may cause inaccurate calibration 
when CAL control is adjusted for 
full scale deflection. 

Turn range selector switch to the 500 position. 

The radiacmeter is now ready for measuring 
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Figure 11- 2. -Radiacmeter IM-75/PDR-18, 
operating controls. 



radiation. Full scale deflection indicates 500 
roentgens-per-hour. If the meter does not show 
sufficient deflection to read the radiation accu- 
rately, shift to the 50 position of range selector 
switch. If deflection sufficient for an accurate 
reading is yet not obtained, continue to reduce 
the setting of the range selector until a satis- 
factory reading is obtained. 

PREVENTIVE MAINTENANCE 

The object of preventive maintenance is to 
anticipate as far as possible the occurrence 
of troubles and to take steps to prevent them. 
Preventive maintenance includes periodic clean- 
ing, painting, and inspection. 

The front panel assembly and main housing 
should be checked for cleanliness and scratches. 
Any scratches in the paint should be retouched 
with a brush. The screws that secure the front 
panel to the instrument case and the screws 
that secure the battery box assembly to the 
front panel, should be checked to see that they 
are tight. 

NOTE: In all cases where the fungus -proof- 
ing film is broken during adjustment 
of the apparatus, recoat the break 
with fungus -proofing compound. Spe- 
cification MIL-V-173, by brush 
application. 
You should never attempt any extensive or 
complicated repairs since a high degree of 
technical skill, knowledge, and experience are 
required. By means of simple tests and pro- 
cedures, you can perform simple preventive 
maintenance, and in case of emergencies, effect 
certain repairs. Routine checks to determine 
whether the equipment is performing satis- 
factorily should be made each time the equip- 
ment is used. Figure 11-3 shows the checks 
that should be performed. Any maintenance 
required as a result of these checks should be 
limited to the replacement of batteries. Troubles 
which are not eliminated by the replacement of 
the batteries should be referred to the proper 
authority. 

Battery Replacement 

Figure 11-4 shows radiacmeter IM-75/ 
PDR- 1 8A with the battery box removed (BT- 101). 
To replace the batteries in the radiacmeter, 
loosen the four battery box cover retaining 
screws, H-107, which fasten the battery box 
cover. Remove battery box, BT-101, and place 
alongside instrument, as shown in figure 11-4. 
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WHAT TO CHICK 



Filament Banery Voluge 



HOW to CHICK 



Range selector switch S*101 in A position. Read 
microammeter M-101. 



mcAunoNS 



Reading should not be to left 
of A marker. 



Vibrator Power Supply 
Primary Voltage 



in 



o 



Range seleaor switch S-IOL in B position. Read 
microammeter M-101. 




Zero adjustment 

^ ^^r I 



1 



4 jL^j-^^ 



Range seleaor switch 5-101 in ZERO position. 
Read microammeter M-101, adjust ZERO con* 
trol R.129. 



Calibration adjuscment 



II 



Range selector switch S-101 in CAL position. 
Read microammeter M-101, adjust CAL control 
R-121. 



Reading should not be to left 
of B marker. 



ZERO reading on microam* 
meter M-101 should be ob- 
tained. 



Set full scale deflection on 
microammeter M-101. CAU- 
TION: when turning the 
range selector switch S-101 
to the CAL position, make 
sure that the switch shaft is 
fully engaged in the decent 
provided for that position. 



Fig^ire 11 -3. -Routine check chart. 
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Remove the battery box cover plate, A- 108, 
by removing the cover plate retaining bolt. 
Remove batteries from the battery box, BT-101, 
by inserting a finger in the slot in side plate, 
A- 112, and pushing the batteries, one by one, 
out of the open bottom of the battery box. When 
replacing with new batteries, JAN type BA-30/U 
batteries are recommended for replacement 
purpose. Insert the new batteries in the battery 
compartment. When inserting the batteries, be 
careful to observe the specified polarity, which 
is stamped on the side plates, A- 11 2. Note that 
the three batteries in the bottom row are in- 
stalled with their positive terminals on the right 
side. Before replacing the battery box cover 
plate. A- 108, check the battery voltages as 
described in figure 11-3. If these voltages do not 
check correctly, first examine for correct 
battery polarity inside the battery box, and then 
try different batteries. If the voltages then fail 
to appear, the set should be sent to the radiac 
repair shop. 

When reinstalling the battery box, BT-101, 
in the recess provided in the instrument case 
cover, A- 101, carefully coil the connecting 
cable in a single vertical loop alongside contact 
mounting plate BT-103. DO NOT ALLOW THE 
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Figure ll-4.-Radiacmeter IM-75/PDR-18, 
Battery box removed. 



CONNECTING CABLE TO COIL UP AT THE 
BOTTOM OF THE RECESS. 



AN/PDR-27CY (DESCRIPTION) 

The AN/PDR-27 (any letter designation) is 
a portable, watertight, battery-operated instru- 
ment used for detecting and measuring combined 
beta and gamma radiations from 0 to 5 milli- 
roentgens per hour, or gamma radiations alone 
from 0 to 500 milliroentgens per hour. 

The radiac set consists of a radiacmeter 
IM 140/PDR-27CY which is the main unit; it is 
equipped with a carrying handle, and also may 
be carried by an externally connected shoulder 
harness. Radiac Detector DT- 53B/PDR-27 is a 
probe attached externally, by means of a flexible 
cable, to the radiacmeter. The detector is 
normally carried in an external well on the 
radiacmeter and can be easily removed. When 
measuring gamma radiation, the detector can 
be used in or out of the well; beta radiation, 
however, can only be detected when the detector 
is removed from the well and the beta shield 
on the probe is moved aside. The radiacmeter 
also houses the chassis for electronic gear, 
an indicating meter, and dry batteries. Case 
CY-963A/PDR-27 is a light-weight carrying 
case which houses the radiacmeter, radioactive 
test sample MX-1083B/PDR-27, headset 
H-43/U, harness ST- 119/ PDR- 27, spare tubes, 
two wrenches, and two copies of the instruction 
book. The complete radiac set AN/PDR-27CY 
is illustrated in figure 11-5. 

The carrying case houses all other radiac 
set units. It is equipped with carrying handles 
and hasps, and is so constructed that it can be 
completely disassembled for decontamination. A 
spare parts compartment is provided in the case. 

The radiacmeter consists of three castings. 
One casting is made up of the handle which is 
cast integrally with a plate which serves as 
a water-tight cover for the battery compartment. 
The second panel casting provides the means for 
mounting the electronic chassis, meter, range 
switch, headset jack, and a compartment for the 
batteries. The remaining casting completes the 
waterproof enclosure and provides a well atone 
end to hold the detector probe. All joints 
between castings are made watertight by the 
use of rubber O ring gaskets, and screws to 
draw the joints tight. 

Mounted on the panel are an indicating 
meter, a range switch, and a headset jack. 
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RADIAC DETECTOR 
DT-I06/PDR-27G 




• RADIACMETER 
IM-74B/PDR-27C 



WRENCH 
H-301 



WRENCH 
H-302 



r f r f r 



1 



f • • 




INSTRUCTION BOOKS 
N-303,NAVSHIPS 92071 



CASE, 0-302 
CY-963C/PDR-27A 



HARNESS, 0-601 
5T-I25A/P0R-27E 



\ 




V-102, 88 -I 
G-M TUBE (SPARE) 



V-103, BS-IOI 
REGULATOR TUBE 
(SPARE) 



RADIOACTIVE TEST SAMPLE, 
E40I, MX-I083/PDR-27 



HEADSET, HT-501, 
H-43/U 



Figure ll-S.-Radiac set AN/PDR-27 CY. 



Illustrated in figure 11-6 is the front panel 
of the radiacmeter. Mounted on the underside 
of the panel are the electronic elements of 
the equipment including a plug- in unit containing 
three subminiature tubes and their associated 
Circuit elements. 

The indicating meter face has a window 
behind which is placed a meter card with four 
colored scales. The meter card is carried on 
a shaft turned by a sprocket gear. Rotation 
of the card shaft places the scales, one at 
a time, within the meter face window; only one 
scale at a time is visible. 

The range switch is a three -wafer, five 
section, switch with six operating positions 
selected by the switch shaft detents. Mounted 
on the switch shaft is a sprocket gear, connected 
by a spring- loaded chain with the gear on the 
card shaft. As the range switch is turned to the 



various operating positions, the card shaft 
positions the corresponding scales of the meter 
card in the meter face window. 

The battery power is conveyed to the elec- 
tronic chassis through the wall of the battery 
compartment by means of a waterproof feed- 
through terminal strip. Eight single cell D type 
batteries are enclosed in a compartment within 
the plastic case located in the watertight battery 
well housing of the AN/PDR-27CY. This plastic 
case contains both the batteries and the vibrator 
power supply. The batteries are located in 
separate compartmented area in the upper 
portion of the case, to facilitate easy battery 
replacement. 

The carrying handle is constructed to 
allow space for the radiac detector flexi- 
ble cable when the detector is stowed in 
its well. 



2 



CONSTRUCTION ELECTraCIAN 1 & C 




26.142 

Figure ll-6.-Radiacmeter, front view. 

The radiac detector is a probe consisting 
of a Navy type BS-1 G-M tube contained in a 
cylindrical metal housing. At one end, the 
housing is closed by a threaded plug; at the 
other end, a threaded retaining ring bears 
against the body of the Geiger-Muller (G-M) 
tube but leaves a mica window exposed. The 
G-M tube is supported by a rubber gasket at 
one end. Electrical connection to the tube is 
made by a kinkproof flexible cable which passes 
through a waterproof packing gland in the 
cylindrical housing. A spring- retained metal 
shield covers the mica window of the G-M 
tube. When the shield is over the window, beta 
radiations are prevented from entering the 
tube; the shield can be svimng aside when beta- 
plus- gamma radiations are to be detected, A 
metal guard is secureddirectly over the window. 



CAUTION: Since the mica window is only 
0.0005-inch thick, it is extremely fragile. Do 
not touch the window under any circumstances, 
as damage to the tube will result. Do not rely 
on the guard to protect the mica window; the 
guard openings are large enough so that sharp 
objects can pass through and pierce the window. 

The headset provides the operator with aural 
(sound) indications of radiation intensity when 
plugged into the jack on the radiacmeter front 
panel. 

The shoulder harness, an adjustable strap 
made of a nonabsorbent plastic, is used for 
carrying the radiacmeter and probe during 
operation. Metal clips on the harness fasten 
to harness buttons secured to the radiacmeter 
housing. 

The radioactive test sample consists of 
a plastic tube containing 7 micrograms of 
radium. The tube is flattened at one end to 
facilitate handling. The radium provides a 
radiation source that permits the operator to 
ascertain the operating condition of the radiac 
set when no known radiation field is available. 

WARNING: Because radium is potentially 
dangerous, serious skin and internal burns 
may result if the test sample is held close 
to the skin for prolonged periods. When using 
the test sample, handle it only long enough to 
ascertain the operating condition of the radiac 
set; then replace it in its storage compartment 
in the carrying case. K the radio-active test 
sample is broken, notify your commanding 
officer immediately and request disposal in- 
struction. 



OPERATION 

To operate the radiac equipment remove it 
from the case, attach the shoulder harness, 
and plug in the headset. The condition of the 
battery is then checked by turning the range 
switch to BATT COND. The meter pointer should 
rest at the right of the line marked BATT on the 
meter face. Set the range switch at either 500, 
50, 5, or .5, depending on the intensity of the 
radiation. Check for the presence and the in- 
tensity of radiation by observing the meter 
reading or the frequency of the clicks in the 
headset. When necessary, illuminate the meter 
face by tilting the radiacmeter so that the panel 
is in a 45-degree position. When the combined 
beta and gamma radiation from an object is to 
be measured, turn the range switch to .5 or 5, 
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remove the radiac detector from the well of the 
radiacmeter, move aside the beta shield on the 
probe, point the probe at the object to be 
investigated, and move the probe close enough 
to the object to obtain a meter indication. 

In order to stop the equipment turn the 
range selector switch to OFF. To stow the 
equipment remove the harness and headset from 
the radiacmeter, replace the radiac detector in 
the well of the radiacmeter. If the detector does 
not slide easily into the well, or if the cable 
does not coil tightly over the handle, rotate 
the probe so as to add or subtract turns to the 
coiled cable until the detector can be readily 
stowed. Unhook the radiacmeter from the 
shoulder harness, and remove the harness. 
Stow the radiacmeter, harness and headset in 
the carrying case. 

MAINTENANCE 

Check the condition of the batteries by 
turning the range switch S-101 to BATT COND 
position. The pointer on the meter should read 
to the right of the line marked BATT in the 
center of the meter scale. If the meter reading 
is low, the batteries are weak, and should be 
replaced. If batteries have corroded, clean 
battery compartment thoroughly. 

To install batteries remove the radiacmeter 
from the carrying case and remove the four 
screws securing the handle and cover of the 
battery compartment. Remove the cover, then 
remove the weak or defective batteries. Replace 
with new batteries, and replace cover. Replace 
the four screws securing the cover and tighten. 
The screws must be tightened equally on all 
sides, or rubber gasket will be damaged. 

Preventive maintenance is performed on 
equipment (usually when the equipment is not 
in use) to keep it in good working order so that 
there will be minimum interruptions in service. 
The routine maintenance which you are to per- 
form is given in table 11-2. 

DOSIMETER 

The IM-9F/PD (fig. 11-7A) is a pocket 
radiacmeter which is of the instant reading 
type, having a scale of 0 - 200 milliroentgens 
(mr). The instrument measures and indicates 
the accumulated dose of X and gamma radiation 
to which the wearer has been exposed. At one 
end of the radiacmeter is an optical eyepiece 



and at the other end is the charging contact. 
A scale calibrated in mr is mounted in such 
a manner that the amount of radiation to which 
the wearer has been exposed can be read 
directly by holding the radiacmeter up to a 
source of light and looking into the eyepiece. 

Part B of figure 11-7 shows the meter 
indicator at zero, which indicates it is suffi- 
ciently charged. 

Part C of the above figure shows the scale 
reading after the instrument has been exposed 
to 83 mr of gamma radiation. 

A radiac -detector such as the detector 
charger PP-354C/PD is required to keep it 
charged. 

The IM-107/PD pocket radiac -dosimeter 
(fig. 11-8) is similar to the IM-9F/PD. It can 
be charged with either the radiac detector 
charger PP-SllA/PD or PP-354C/PD (figs. 
11-9A&B). 



MAINTENANCE 

Since pocket types of radiacmeters are 
hermetically sealed, no corrective maintenance 
can be performed in the field. These instruments 
are very delicate and are sensitive to dust 
and moisture as well as rough handling (shock). 
Dust and moisture in the charging end of the 
chamber will make charging difficult. This can 
be corrected by using a mild stream of dry air 
directed on the end of the chamber to remove 
dust particles and moisture collection. 

Cleaning and decontamination can be per- 
formed by removing the clip and washing both 
the barrel and clip with soap and water. 

To field check the instruments, charge to 
zero on the scale in a space free from radio- 
activity. Observe leakage on the scale for a 
period of 4 to 8 hours. Heading should be very 
near zero. If it is not, consider the unit 
defective and return to the nearest radiac 
repair facility for further testing, and possible 
replacement. 

In stowing the instruments, they should 
be wrapped tightly in a plastic bag, ''Saran 
Wrap'', or similar material and stowed in a 
dust free area. 



DT-60/PD RADIAC DOSIMETER 

The DT-60/PD radiac dosimeter (fig. 11-10) 
is a non-self-indicating personnel dosimeter 
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Table 11-2. — Routine Maintenance Check Chart. 



What to Check 


When to Check 


How to Check 


Precautions 


1. Battery condition. 


Weekly 


Turn range switch to BATT 
COND. Meter pointer 
should rest at right of 
red line marked BATT. 


Return range switch to OFF, 


2. Exterior surfaces 
of radiacmeter, 
radiac detector, 
and shoulder 
harness. 


Weekly 


Wipe with a clean, dry cloth, 
removing all dirt and 
dust. 


None. 


3. Radiacmeter 
front panel 
screws. 


Weekly 


Tighten with screw driver. 


Do not tighten excessively. 


4. Range switch 
knob. 


Weekly 


Rotate knob. If loose, tighten 
setscrew with screw 
driver. Check to see that 
knob rests snugly against 
gasket. If it does not, 
loosen setscrew, push 
knob tightly against gasket 
and re -tighten setscrew. 


Do not tighten setscrew 
excessively. 


5. Radiac detector 
plug. 


Weekly 


Remove all dirt from plug. 
Obtain special wrench 
symbol H-301 from 
carrying case. Insert 
rounded end of wrench 
into plug slot, and tighten. 


Do not tighten excessively. 


6. Packing nut at 
both ends of radiac 
detector cable. 


Weekly 


Tighten with open end wrench. 


Do not tighten excessively. 


7. Radiacmeter 
circuit. 


Monthly 


Check radiacmeter with 
radioactive test sample. 
(See Section 3 oar 3.) 


The radioactive test sample 
should be used only to 
check on whether or not 
tlie radiacmeter is oper- 
ating. It should not be 
used as an accurate 
means of calibrating or 
checking sensitivity of 
this unit. If reading de- 
creases vertically, in- 
vestigate and correct 
cause. 


8. Headset 


Monthly 


Remove dirt. Check tightness 
of screws and connec- 
tions. 


None. 
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Figure 11 -7. -Pocket radiacmeter IM9F/PD(A) and scale indications 
for two conditions of charge. 




26.144 

Figure 11-8.-IM-107/PD radiacmeter. 

which is worn about the neck as a pendant. 
The instrument detects the accumulated doses 
of X or gamma radiation from 0 to 600 roentgens. 
It is sensitive to rough handling. It requires 
an associated radiac computer - indicator CP - 05/ 
PD for reading. 

No corrective maintenance canbe performed. 
Replace damaged or defective radiac -detectors. 
Clean and decontaminate by washing the entire 
assembly with soap and warm water. 



COMPUTER INDICATOR 

The CP-95/PD computer indicator (fig. 
11-11) is a portable piece of equipment designed 
for computing and indicating the total amount of 
X and gamma radiation to which the DT-60/PD 
radiac detector has been e^qposed. It operates 
from a 120- volt, 60 cycle, a-c power source. 

The entire equipment consists of one unit. 
A cover assembly (fig. 11-12A), held by four 
latch fasteners, encloses the front panel. You 
will notice that the panel (fig. 11-12B) contains 
a roentgens -indicating meter with two scales, 
0 to 200 roentgens (black) and 0 to 600 roentgens 
(green), a red indicating lamp, and two meter 
illuminating lamps (not visible). In addition, a 
range toggle switch (for changing meter ranges), 
a power switch, two potentiometer controls, a 
power cable receptacle, and three fuses, one of 
which is a spare. The lower portion of the front 
panel contains a horizontal opening with a spring - 
loaded door through which a pivoted sector 
and skillet assembly can be rotated. The sector 
and skillet assembly contains three recesses: 
one remains empty, one contains a calibration 
standard, and the third is for the insertion of 
the radiac detector DT-60/PD which is to be 
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11.3*0.1 

A. Radiac detector charger PP354C/PD 

B. Radiac detector charger PP311A/PD 



Figure 11 -9. -Radiac detector chargers. 

read. The assembly can be returned by means 
of an attached telescopic sector handle (test 
lever), into the housing of computer- indicator 
to locate anyone of these recesses under an 
ultraviolet light. A rubber stop is provided to 
prevent rotation of the calibration standard 
outside the case during operation. The top of 
the case contains a nameplate, instruction plate, 
carrying handle, and two protruding pins for 
opening the DT-60/PD radiac detector. 



The front cover assembly (fig. 11-12A) con- 
tains three additional fuses, two Allen wrenches 
for use in the disassembly of the equipment, two 
small pin wrenches for opening the DT-60/PD 
detector, a large spanner wrench, and the power 
cable assembly. 



OPERATION 

To operate the computer- indicator it must 
first be connected to a 120-volt a-c source of 
power. Then proceed to operate the equipment in 
the following manner: 

1. Rotate the sector handle (test lever) 
(refer to figure 11-12B for location of parts) 
outward and extend the lever until it catches in 
its detent. 

2. Rotate the POWER switch SlOl in its 
START position until the red indicator lamp, 
1103, located in the meter face, lights; then 
release the switch. It will return to its ON posi- 
tion and the red indicator lamp will go out. 
Allow the equipment to warm up for 3 to 5 
minutes. 

3. Place the meter- range toggle switch, 
S102, in its 200 R(roentgens) position. 

4. Place the test lever to its CHANGE 
DT-60 position. 

5. Remove the cover of the DT-60/PD by 
using the wrenches provided in the front panel 
cover assembly or the two pins located on top 
of the equipment near the carrying handle. The 
DT-60/PD can be held in the hand and the small 
pin wrench used to unscrew the cover. Should 
the cover be too tight to open with the pin 
wrench, then use the large spanner wrench 
mentioned earlier (the large spanner acts as a 
vise, keeps the base of the DT-60/PD from 
rotating) to hold the radiac detector, while you 
unscrew the cover with the wrenches provided 
or two pins located on the top of the equipment 
mentioned above. 

NOTE: Be sure the DT-60/PD's are free 
of dirt or dust before reading. Be sure to avoid 
touching the enclosed glass once the cover is 
removed from the radiac detector DT-60/PD. 
Dirty or greasy fingertips are fluorescent 
and will give erroneous radiation indications. 
Soap and water may be used to clean the glass 
portion and the case of the radiac detector. 

6. Insert the base (which contains the en- 
closed glass) of the dosimeter into its position, 
marked DT-60, in the sector and skillet assem- 
bly. Be sure it is seated on the locating pins. 
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Figure ll-lO.-Radiac detector DT60/PD. 



7. Rotate the sector handle until it detents 
in its CAL A position. 

8. Adjust the A AD J control R138 until the 
black meter needle coincides with the A position 
on the meter scale. 

9. Rotate the sector handle to its CAL STD 
position. 

10. Adjust the CAL ADJ control R124 until 
the black meter needle coincides with the fixed 
red meter pointer. 

11. Repeat the adjustments until the black 
meter needle coincides with both the A position 
and the fixed red pointer, when the sector 
handle is CAL A and CAL STD positions, 
respectively. 

12. Rotate the sector handle to its READ 
position (extreme counter rlockwise) and read 
the roentgens as indicated by the black meter 
needle. (Do not attempt to repeat readings for 
greater accuracy, unless readings are being 
made for special purposes.) 



3J77 

13. Should the meter indicate a reading 
above 200, throw the range switch, SI 02 to its 
600 R. position and read. 

14. For further readings, begin with number 

3. 



MAINTENANCE 

There is very little maintenance that you 
can do. The operating procedures (through 14) 
are an integral part of the routine check. The 
only thing you can do is to follow the above 
mentioned operating procedures to make certain 
that each reading obtained is correct. 

NOTE : You shall not perform any emergency 
maintenance procedures without proper authori- 
zation. This equipment employs voltages which 
are dangerous and may be fatal if contacted by 
personnel. Extreme caution must be exercised 
when anyone is working with this equipment. 
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11.362.1 

Figure 11-1 1. — Radiac,computer-indicator, 
CP.95/PD. 



DOSIMETER CHARGER 

The radiac detector charger PP-354C/PD 
(fig. 11-9A) is used to charge radiacmeters 
(dosimeters) IM-9F/PD and higher, IM-50/PD 
series, IM-20/PD and IM-19/PD series or 
similar types. This charger is an electro- 
static type generator capable of generating 
0 to over 180-volts, d-c by slowly turning the 
charging knob in a clockwise direction to bring 
hairline in the dosimeter to zero. 

The charger PP-354C/PD is contained in a 
watertight metal case measuring 2 7/16 inches 
long by 1 inch wide by 2 inches high, overall. 
The hinged top section of the case contains the 
upper part of the charging socket, which con- 
tinues into the body of the case. A removable 
plug closes the charging socket when it is not 
in use and the plug is secured to the charger 
by a length of bead chain. The bar -type operating 
knob for the charger is mounted on one end of 
the case. A window is provided in the bottom 
of the case to transmit light to the user of the 
radiacmeter. 

OPERATION 

The operation procedures for the radiac 
detector charger are given and illustrated in 
figure 11-13. 

MAINTENANCE 

The radiac detector charger PP-354C/PD 
cannot be repaired because it cannot feasibly 



be disassembled. Therefore a faulty charger 
should be removed from use and turned into 
the nearest repair facility. 

The exterior surfaces of the charger can be 
cleaned with a clean lintless cloth. Rub gently 
over all surfaces. Do not use any solvent, 
especially alcohol, on the EXTERIOR surfaces. 

Particles of dust or lint in the charging 
socket can usually be removed with a stream of 
clean dry air. Exceptionally stubborn particles 
may have to be flushed out carefully with pure 
water-free ethyl alcohol. Use the least amount 
of alcohol possible, then evaporate it with 
blasts of clean dry air. 

CAUTION: Do not blow the breath into the 
charging socket to clean it. Permanent impair- 
ment of socket insulation may result. 

Moisture resulting from condensation can be 
removed by heating the charger with a 60-watt 
bulb. Place the bulb about 6 inches away from 
the charging socket opening and leave it there 
for about 15 minutes. 

NOTE: After cleaning the charger by any 
of the methods described above, it must be 
checked by charging two or more radiacmeters 
several times. Any evidence of imperfect opera- 
tion, such as leakage or difficult in charging, 
should warrant removing the charger from use. 

CAUTION: Maintenance personnel must al- 
ways be cognizant of the fact that radiac equip- 
ment is used for the primary purpose of 
protecting human life and health, and for that 
reason they should not permit the use of faulty 
radiac equipment. 

AIR SAMPLER 

The air particle sampler, HD.251/UD (fig. 
11-14) is intended for use in any closed space 
where airborne microscopic radioactive par- 
ticles are likely to be present. By measuring 
a sample volume of air, a direct evaluation 
of the concentration of radioactive material 
may be read on AN/PDR-27 series radiac sets, 
or counted with a suitable G-M tube and scaler. 

The air sampler consists of the air moving 
turbine, metering unit, power cord, filter papers, 
two filter holders, and a meter cap. 



OPERATION 

To use the air particle sampler, open the 
top of the air mover case and remove the power 
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Figure ll-13.~Radiac detector charger PP- 
354-C/PD and operating in- 
structions. 



supply cord, filter holder, and filter. Fit the 
filter into the holder and plug the holder into 
the inlet opening. Be sure the air meter is set 
at zero. You then place an AN/PDR-27 series 
radiac set in a location that is practically free 
of any radioactivity, at any rate in a location 
that has a reading of less than 0.1 mr/hr. 

Place the power cord plug into a 110-volt, 
60 cycle, a-c power source; and make sure the 
air san^)ler switch is in the OFF position. 
Now turn the switch to the ON position and take 
a sample of 20 cubic meters of air as indicated 
by the flow totalizer. 

WARNING: Once the unit is turned ON, DO 
NOT turn it off until the air 
mover motor is up to full speed. 

After collecting the sample of the air, turn the 
switch to the OFF position and remove the plug 
of the cord from the power source. DO NOT 



REMOVE THE PLUG WHILE THE SWITCH IS 
IN THE POSITION. Remove the filter 

holder with the filter in place, and carry it to 
the AN/PDR-27 to measure the amount of 
Radioactivity picked up by the filter. 



MAINTENANCE 

The air particle sampler, HD-251/UD, is 
a sealed unit, requiring no repair on the major 
units. In the event of failure within the air 
mover unit, the sampler should be returned to 
the manufacturer for servicing. About the only 
thing you can do is to check the power cord for 
worn or frayed insulation, broken or cracked 
terminals or connectors. If any above mentioned 
conditions exist, replace the cord. 
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Figure 11-14.-HD 251/UD equipment. 



FILTER 

'holders 



M.1M 



GAS ALARM (M6A1) 

The M6A1 Automatic Field Alarm (gas) 
(fig. 11-15) is a completely self-contained 
device for detecting the presence of G-agents 
in the air. It is housed in an aluminum case 
with removable front and rear covers, each of 
which is held in place by six snap catches. The 
case is equipped with a rigid carrying handle 
attached to the top. The entire unit is finished 
in olive drab lusterless enamel. 



OPERATION 



To operate the gas alarm it must be placed 
on level ground or a level platform during 
operation, standing on supporting channels 
welded to the bottom of the case. If the alarm 
is not level, the gravity feed of chemical 
solution to the liquid pump will be affected. 
After the alarm is leveled remove the cap on 
the power input connector and insert the plug 
of the power cable. Refer to figure 11-16 for 
following procedures: 



1. Screw the threaded shell of the cable 
plug down on the power connector bushing to 
hold the plug firmly in place. 

2. Connect the battery clips on the end of 
the power cable to the power source. The power 
source may be either storage batteries (4, each 
6 volts or 2, each 12 volts), a generator, or a 
transformer-rectifier. (The transformer-rec- 
tifier, figure 11-17, is a portable power supply 
unit for the M6A1 Automatic Field Alarm de- 
signed to provide 25 volts (direct current) 
from any 115-volt, 60 cycle alternating current 
source. The transformer-rectifier is equipped 
with two power cables, one is to be used to 
connect the alternating power source to the 
rectifier, the other connects the rectifier to the 
gas alarm.) OBSERVE THE POLARITY INDI- 
GATED ON THE CLIPS. Failure to Observe 
this precaution will result in stripping the 
gears of the timing motor. 

3. Note the arrows on the cam knob. If the 
cam knob rotation is not in the direction in- 
dicated (counterclockwise), the clips must be 
reversed. 

4. A transformer-rectifier unit may be 
supplied with the alarm. If so, the power cable 
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Figure 11-15.— Automatic field gas alarm M6A1. 



2i,U7 



with battery clips, supplied with the alarm will 
not be used. 

5. Shortly after the field alarm is connected 
to its power source, and while the tubes are 
warming up, the bridge circuit of the alarm may 
momentarily become unbalanced, causing an 
alarm to be given. This condition occurs when 
the meter indicator moves beyond the second 
division line to the left of ''0." To stop the 
alarm, simply push the reset switch down and 
observe the meter. If after a few seconds the 
meter indicator has not returned to '*0" adjust 
the light source holder by rotating it until the 
meter indicator reads "0." This adjustment 
should be made only when dry paper tape is 
being observed by the phototubes. To test the 
operation of the alarm, a simulant spot is pro- 
vided with the reagent kit (fig. 11-18). The 
simulant spot is used by inserting it over the 
paper tape into the slot of the head assembly 
while manually pushing the solenoid fork down. 
The insertion of the simulant spot must always 
be made from the left-hand side resulting first 
in a meter deflection to the right, and then to 
the left. When pushed in as far as it will go, 
the alarm should sound. To stop the alarm, 



withdraw the simulant spot and momentarily 
push the reset switch down. 

Once the gas alarm is set up and ready to 
operate it goes through the following cycle: 
At 5 minute intervals, when no G- agents are 
present in the air, a small quantity of liquid 
flows from the feeder extension tube onto the 
section of tape immediately to the left of the 
head assembly. Approximately 10 to 15 seconds 
later, the solenoid below the head assembly 
operates and draws the platen downward, and 
about 1 second later, the wet section of the 
tape advances to position in the head assembly. 
The solenoid is then released and the instrument 
resumes operation. When the instrument detects 
G-agents, the meter indicates current flow in 
excess of 0.10 milliampere to the left of the 
center mark on the scale, the warning lamp 
lights, and the buzzer sounds. Cam knob rotation 
and paper movement ceases. The air pump in 
the rear of the unit also stops. 

Once the alarm circuit is energized, the 
alarm continues even after G-agents are no 
longer present in the air. The detection circuit 
must then be reset. This is done as follows: 

1. Manually push the plunger of the solenoid 
down to release pressure from the tape. 
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Figure 11-16.— Gas Alarm Controls and Instruments. 



2. Rotate the right hand tape drum clock- 
wise. This will advance the tape quickly. Rotate 
the cam knob slowly COUNTERCLOCKWISE to 
wet the new section of the tape. 

3. After the tape is in place, push the reset 
switch down, hold it for about 3 seconds and 
release it. The alarm will stop and the unit 
will resume normal operation. 

To stop the instrument, disconnect the power 
cable from the battery, or, if the transformer- 
rectifier unit is used disconnect the a-c power 
cable line plug. 



MAINTENANCE 

In maintaining the M6A1 gas alarm it is 
imperative that preventive maintenance services 



be performed regularly to keep the alarm in 
proper working order and to lessen the pos- 
sibilities of mechanical failure (Table 11-3). 

General maintenance of the M6A1 gas alarm 
normally involves the replacement of direct- 
current amplifier and voltage regulator tubes; 
light source; warning lamps; phototubes; liquid 
pump; air pump; and timer motor. It also in- 
volves cleaning the platen, liquid line, and air 
pump valves. One other maintenance function 
you win probably perform is lubrication. Il- 
lustrated In figure 11 -19 are the various points to 
be lubricated and the type of lubricant required. 
CAUTION: One point you are definitely NOT 
to lubricate is the air pump 
valves. Lubrication will cause 
sticking and fluctuations in the 
air pressure. 
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1 




1 



1. Identification Plate 

2. Alarm Connecting Cable 

3. A. C. Power Cable 

Figure 11-17.— Transformer-Rectifier Unit. 
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!• Aluminum foil packets 4. Clear plastic packets 

2. Simulant spot 5. Mixing bottle 

3. Paper reels 6. Filter disks 

Figure 11-18.— Gas-agent alarm, reagent kit. 
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Point 

1. 
Z. 
3. 



Lubricant 

Grease 
OU 

Stop cock grease 



Spare part kit 
Item No. 
51 
50 
52 



Figure 11-19.— Lubrication chart for gas alarm. 
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Table 11-3,— Troubleshooting Chart for the M6A1 Gas Alarm. 



1. 


Timer Motor Does Not Run 








Probable Cause 


Remedy 




a. 


Defective resistor RlOl 


Replace resistor. 




b. 


Defective timing motor 


Replace timing motor. 




c. 


Failure of power source 


Examine power cables for breaks or 
deterioration and replace if necessary. 
Check battery and replace if necessary. 
If the transformer-rectifier unit is 
being used. 


2. 


Air Pump Motor Does Not Operate 










Remedv 




a. 


Defective air pump motor 


Replace motor. 




b. 


Pump mechanism jammed 


Examine pump mechanism for source 
of jamming, including bearings. Replace 
defective parts. 




c. 


Failure of power source 


Check power source. 




d. 


Loose shaft 


Tighten set screw securinfir shaft. 


3, 


Liquid 


Does Not Wet Tape 
Probable Cause 


Remedy 




a. 


Liquid tank empty 


Refill tank. 




b. 


Air lock in liquid line 


Biped linilid lines 

J^J.v>v^VA AAVJU^^ X&tl%^0. 






Liquid lines clogged 


Dismantle liquid lines, soak in water 
until clear, and reassemble. 




d. 


Pump spring does not pull 
piston fully forward 


Lubricate piston after cleaning. 
Replace 0-ring if necessary. 


4. 


Tape Does Not Advance 








Probable Cause 


Remedy 




a. 


Broken pawl spring 


Replace spring. 




b. 


Advance mechanism jammed 


Inspect for jammed plunger. Lubricate 
if required, or replace defective part. 




c. 


Solenoid plunger fails to 
pull down 


Check solenoid and replace if 
necessary. 
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Table 11-3.— Troubleshooting Chart for the M6A1 Gas Alarm (Continued) 





Probable Cause 


Remedy 




d. Paper slips on paper 
advancing reels 


Tighten tension roller. 




e. Ladder chain too tight 


Loosen idler sprocket. 




f . Microswitch operating 
solenoid misadjusted 


Readjust microswitch actuator. 




g. Plunger return spring 
too loose 


Shorten spring or replace. 




Tape does not wind 
properly on bobbin 


Adjust tension of spring, holding bobbin 
against tape drum. 


5. 


Liquid Does Not Flow 






Probable Cause 


Remedy 




a. Timer motor does not run 


See paragraph 1 above. 




b. Broken plunger return 
spring 


Replace spring. 


6. 


Timer Motor and Air Pump Motor 
Do Not Run; Tubes and Lamp Do 
Not Light 






Probable Cause 


Remedy 




a. Defective contact on 
relay KlOl 


Replace relay KlOl. 




b. Failure of power source 


Check power source. 


7. 


Tape Breaks During Advancement 






Probable Cause 


Remedy 




a. Solenoid LlOl does not pull plate 
away from tape due to: 

(1) Improper timing of 
microswitch SI 03 

(2) Defective solenoid 
LlOl 

(3) Defective microswitch 
SI 03 

(4) Collar or pull down 
mechanism adjusted 
too high 


Correct timing. 

(a) Check to see that solenoid plunger 
and platen spring are clean and 
moving freely; clean if necessary. 

(b) Replace solenoid. 
Replace switch. 

Readjust collar. Travel before plunger 
hits bottom should not exceed 1/16 inch. 
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Table 11-3.— Troubleshooting Chart for the M6A1 Gas Alarm (Continued) 



Probable Cause 

b. Ladder chain broken or 
disengaged from sprocket 

c. Too much tension on tape 
reel 

8. Air Is Not Drawn Through Tape 
Probable Cause 
a» Air filter clogged 

b. Dirt or lint in platen 
opening 

c. Leak in air line 

d. Defective air pump valve 

e. Loose glass disk below 
exciter lamp 

f . Leak around phototubes 



g. Leak in head assembly due 
to defective O-ring seal 
or damaged phototube 
base 



Remedy 



Repair chain and replace on sprocket. 



Readjust collar on square shaft to 
relieve tension. 



Remedy 
Replace filter disk. 
Remove platen, clean and replace. 



Inspect air line tubing for cuts. Replace 
defective section. 

Remove valves and clean out dust and 
grit. Replace valve balls if necessary. 

Recement glass disk in place. Care 
must be taken to keep glass clean where 
in line with holes. 

Remove head and inspect O-rings on 
phototubes. Apply a light film of stop 
cock grease to O-rings or replace if 
found deteriorated. After slipping 
O-rings over glass part of tube to 
shoulder, wipe the glass clean before 
replacing head. 

Remove the two rubber tubes from the 
top of the head. Remove the moistener 
plate. Connect one end of a piece of 3/16 
inch ID rubber tubing to the air pump 
and the other end to one of the inlets 
from which the air intake tubes were 
removed. 

With the air pump operating, place your 
thumb over the opening, on the bottom 
of the head, which corresponds with the 
side to which the air hose is connected. 
If this side does not leak, a suction on 
the finger will be noticed and the air 
pump will labor. Repeat the same test 
on the other air inlet. If no suction is 
noticed on one side only, the leak should 
be found in a defective 0-ring seal or 
a damaged phototube base. 
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Table 11-3,— Troubleshooting Chart for the M6A1 Gas Alarm (Continued) 







Probable Cause 


Remedy 




Detector Circuit Does Not Operate 








Probable Cause 


Remedy 




a. 


Burned out or darkened 
illumination lamp 


Replace lamp. 




b. 


Illumination lamp 
incorrectly positioned 


Adjust illumination lamp. 




c. 


Burned out regulator 
tube V207 


Replace tube. 




d. 


Defective relay K102 


Replace relay. 




e. 


Defective meter Ml 01 


Replace meter. 




f . 


Defective phototube V203, 
or direct current ampli- 
fier tube V201 or V204 


Replace each tube in turn to localize 
trouble. 






Defective resistor 


Perform voltage measurements to 
localize trouble. Replace any defective 
components. 


10. 


Alarm Circuit Does Not Operate 
After Timer Motor Is Replaced 








Probable Cause 


Remedy 




Timer motor leads reversed 


Reverse motor leads. 


11. 


Alarm Operates With No 
G-Agents Present 








Probable Cause 


Remedy 




a. 


Defective phototube V206 
or direct current ampli- 
fier tubes V202 or V205 


Replace tubes V206, V202, and V205 in 
turn, to localize the trouble. 




b. 


Defective resistor, pro- 
ducing unbalanced circuit 
condition 


Perform voltage measurements to 
determine location of defective part, 
and replace the part. 



Note: Interference from Other Gases 



a. The presence of gases such as chlorine, nitrogen dioxide, cyanogen chloride, 
and other strong oxidizing agents may discolor the wetted portion of the tape 
and thus give an alarm. 

b. The presence of hydrogen cyanide gas may inhibit the formation of a color 
spot by G-agent and thus cause the alarm to lose sensitivity or become com- 
pletely unresponsive. 
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TRAINING FILM LIST 

Training films that are directly related to the information presented in 
this training course are listed below. Under each chapter number and title 
the training films are identified by Navy number and title and are briefly 
described. Other training films that may be of interest are listed In the 
United States Navy Film Catalog , NavPers 10000 (revised). 

Chapter 1 



THE SCOPE OF YOUR JOB 



MN-2088A Discipline— Giving Orders . (15 min.— B&W— Sound-Unclas- 
sified— 1943.) Stresses importance of discipline and 
value of giving orders clearly, distinctly, and correctly. 
Shows results obtained where emphasis is placed on gain- 
ing workers confidence and respect, and on where empha- 
sis is placed on making threats and instilling fear in the 
employees. 

MN-3425D Supervision- Building Morale . (15 min.-B&W— Sound— Un- 
classified— 1945.) Visualizes situations which reveal to 
supervisors techniques which are useful in building and 
maintaining morale. 



ME-5213A Problems in Supervision— The Supervisor as a Leader— 
Part 1 . (14 min.-B&W-Sound-Unclassified-1945.) 
Several workers point out the qualities found in a good 
leader. 



ME-5213B Problems in Supervision— The Supervisor as a Leader — 
Part 2 . (13 min.-B&W-SQund-Unclasslfied-1945.) 
Four Supervisors point out the qualities found in a good 
leader. 

MN-5328B Shipboard Training— Learning by Doing . (13 min.— B&W— 
Sound— Unclassified— 19497) Illustrates actual shipboard 
on-the-job training. Emphasizes job analysis and tech- 
niques of instruction and training. 

ME -5472 Supervising Workers on the Job . (10 min.— B&W— Sound— 
Unclassified— 1 944.) Various kinds of poor supervisory 
practices are shown: nagging, snooping, etc. By drama- 
tized incidents, poor results of these methods are made 
apparent. 

MN-5795G Educational Services— Methods of Teaching . (37 min.— 
B&W— Sound— Unclassified— 1 945. ) Presents fundamen- 
tal principles to be observed by educational service 
officers and instructors in conducting their courses. 
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Covers preparation of lesson, methods of presentation, 
class discussions, demonstrations, exploratory quizzes, 
laboratory work, reviews, and checkups, use of teaching 
aids, blackboards, slides, recordings, and manuals^ 

MN-8165 The Importance of Personal Leadership Today . (28 min.— 
B&W— Sound-Unclassified- 1954.) A film report of Ad- 
miral Carney's address to the Naval Officers of the 
Navy Department in Washington, on 11 October 1954 at 
the Congressional Auditorium. The Chief of Naval Opera- 
tions outlines his views on the importance of personal 
leadership in the U.S. Navy. He also states his views on 
the matter of smartness, discipline and professional 
competence. 



Chapter 2 

ELECTRICAL SKETCHING AND PLANNING 

SN-34A T-Square and Triangles— Part 1 . (32 frames— B&W-Silent- 

Unclassified— 1941.) Describes use of T-Square, 45 and 
30-60 degree triangles, and drafting ruler in laying out 
horizontal and vertical lines on an oi>erations sheet. 

SN-34-B T-Square and Triangle- Part 2 . (53 frames-B&W-Silent- 
Unclassified— 194l.) Demonstrates use of T-square, tri- 
angles, and rulers in drawing six figures involving ver- 
tical, horizontal, and angular lines. 

SN-35A Geometric Construction-- Part 1 . (40 frames -B&W— Silent 

—Unclassified— 1941.) Gives information on use and care 
of compass, dividers, drawing pencil, rule triangles, and 
protractor. Demonstrates construction of perpendicular 
bisector, perpendicular at end of a line, parallel lines, 
dropping a perpendicular, and bisecting an angle. 

SN-35B Geometric Construction- Part 2 . (35 frames-B&W— Silent 

—Unclassified— 1941.) Demonstrates laying out a fillet, 
duplicating an angle with a compass, and laying out angles 
with a protractor. 

MN-37 Behind the Shop Drawing . (16 min.-B&W-Sound--Unclas- 

sified— 1941.) Emphasizes importance of drawings for 
industrial production. Describes isometric, perspective, 
orthographic projection, and cross sectional drawings. 
Shows how dimensions and specifications are indicated 
on work sheets. 

Chapter 3 

CONTROLLERS AND PROTECTIVE DEVICES 

SN-1449-B Electrical Controls-Part 2 . (35frames-B&W-Silent-Un- 
classified— 1942.) Explains, by use of drawings and sche- 
matic diagrams, duties, composition, and operating 
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principle of the toggle switch, push-button switch, micro 
switch and wafer switch. Where these types of switches 
are most commonly found is also discussed. 

SN-1449-C Electrical Controls-Part 3 . (29 frames- B&W-Silent-Un- 
classified— 1 942. ) Explains duty of a relay; shows, by 
means of diagrams, its operating principle; discusses, 
briefly, fuses and their duties; and explains operating of 
the thermal overload circuit breaker. 

MN-3485-F Electric Power Afloat-Operating AC and DC Motors and 
Controllers . (16 min.—B&W— Sound— Unclassified— 
1945.) Animation and diagrams present operating prin- 
pies of AC and DC motors and controllers. Shows how to 
perform daily, operational, and periodic checks of the 
mechanisms. Demonstrates how to operate and maintain 
the motors, and explains emergency procedures in the 
event of operational failure. 

MN-5109 Protecting Electric Equipment From High Impact Shock . 

(13 min.-B&W-Sound-Unclassified-1946.) Illustrates 
causes of high impact shock and the resulting damage to 
electrical equipment. Preventive maintenance is sugges- 
ted in each case and ways of performing the maintenance 
are shown. 



Chapter 4 

TESTING EQUIPMENT 

SN-2448 Wheatstone Bridge . (59 frames-B&W-Silent-Unclassified 

—1943.) Compares functions of the Wheatstone bridge 
with water pipe. Shows how used in locating and calcula- 
ting distance to a short in wire, use in aircraft tempera- 
ture controls, and measuring nonelectrical effects. 



Chapter 5 

POWER GENERATORS 

SN-3485-D Electric Power Afloat-Paralleling and Securing . (10 min,— 
88 frames-B&W— Sound-Unclassified-1945.) Shows 
how to bring two generators to the same voltage, frequen- 
cy, and phase, and how to connect them to the same bus to 
share the load. Adjustment made by electrician's mate on 
the switchboards are given in detail. 

SN-3485-C Electric Power Afloat-Starting and Applying Load . (12 min. 

—98 frames-.B&W-Sound-Unclassified-1945. ) Using 
2200 ton destroyer as an example, shows general place- 
ment of forward and after generators and relates them 
to their prime movers, the steam turbines. Detail steps 
in starting generator and in making inspections before 
starting turbo generator are included in the film. 
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Chapter 6 
POWER DISTRIBUTION SYSTEM 
(No applicable training films) 



Chapter 7 

WIRE COMMUNICATION 

MA-8994-A Installation and Operation of Switchboard SB-22/PT , (18min 
—B&W— Sound— Unclassified-l 959.) This film shows the 
methods of installing and operating the field-type mono- 
cord Telephone Switchboard SB-22/PT designed to pro- 
vide flexible communications between 12 circuits. 



Chapter 8 
TRAINING 

MN-5328-B Shipboard Training Learning by Doing . (13 min, — B&W— 
Sound— Unclassified— 1 949.) Illustrates actual shipboard 
on-the-job training. Emphasizes job analysis and tech- 
niques of instruction and training. 



Chapter 9 
FOREMANSfflP 
(No applicable training films) 



Chapter 10 

DEFENSIVE COMBAT 

MA-5325 Close Order Drill-The Squad Platoon . (29 min.-B&W- 
Sound— Unclassified— 1946.) Starts with a montage of 
military parade and ceremonies; West Point cadets in 
review, soldiers marching through the streets of the 
United States and foreign cities. Fact that precision drill 
is necessary for the orderly movement of military units 
is emphasized. Montage ends with a scene of an infantry 
platoon drilling. Platoon splits up into squads, each of 
which drills separately. Camera then follows one squad 
through all basic drill formations, ranging from the 
commands "Forward March" to "Stack Arms". 
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Chapter 11 

ABC WARFARE DEFENSE EQUIPMENT 

MN-8694-A Radiac Equipment>Meeting Local Needs Ashore . (11 min.— 
B&W—Sound— Unclassified-1958.) This film shows how 
to establish an allowance of radiac equipment for shore 
activities and explains the nine categories of radiac 
equipment, showing how they are used, depending upon 
the station and station function in passive defense. 

MN-8694-B Radiac Equipment- Local Care and Maintenance . (10 min.— 
B&W— Sound— Unclassified— 1959.) This film shows that 
maintenance of radiac equipment can be accomplished 
locally; stresses care in handling, proper stowage, and 
proper checks that can be made locally. It shows briefly 
what is done at a Radiac Facility to keep radiac equip- 
ment in operational readiness condition. 
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QUALIFICATIONS FOR ADVANCEMENT 

IN RATING 



GENERAL RATING (applicable to POl and CPO only) 
SCOPE 

Construction Electricians: Plan, supervise, and perform tasks required 
to install, operate, service, and overhaul electric generating and distribu- 
tion systems and wire communication systems; control activities of in- 
dividuals and crews who string, install, and repair interior, overhead, 
and underground wires and cables and attach and service units such as 
transformers, switchboards, motors, and controllers; schedule and evaluate 
installation and operational routines; and train personnel in installation 
and repair procedures and techniques. 

SERVICE RATINGS (applicable to P03 and P02 only) 



CONSTRUCTION ELECTRICIAN (CE) 



QUALS CURRENT THROUGH CHANGE 18 



SCOPES 



CONSTRUCTION ELECTRICIAN W (Wiring) 



CEW 



Installs, services, performs preventive maintenance on, and re- 
pairs interior wiring systems and secondary electric distribution 
circuits; and installs motors, generators, controllers, switch- 
boards, distribution panels, and appliances. 




CEP 



CONSTRUCTION ELECTRICIAN T (Telephone) 

Installs, operates, services, performs preventive maintenance 
on, makes repairs to, and overhauls wire communication sys- 
tems, overhead and underground. 



CET 



CONSTRUCTION ELECTRICIAN S (Shop) 



CES 



Operates, services, performs preventive maintenance on, re- 
pairs, and overhauls electric generating equipment, switch- 
boards, distribution panels, motors, generators, and controllers; 
and repairs and overhauls electric appliances. 
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PATH OF ADVANCEMENT TO LIMITED DUTY OFnCER 

Construction Electricians advance to Limited Duty Officers, Civil 
Engineer. 



NAVY ENLISTED CLASSIFICATION CODES 

See Manual of Navy Enlisted Classifications, NavPers 15105-B, 



QUALIFICATIONS FOR ADVANCEMENT IN RATING 

1. Qualifications for advancement to a higher rate include the qualifi- 
cations of the lower rate or rates in addition to those stated for the 
higher rate. 

2. Practical factors will be completed before recommendation for 
participation in the advancement examination. (Bureau of Naval 
Personnel Manual, NavPers 15791-A, Articles B-2326 and C-7201.) 

3. Knowledge factors and knowledge aspects of practical factors will 
form the basis for questions in the written advancement examination. 



Qualifications for advancement in rating 



Applicable 
Rates 



CEW CEP CET CES CE 



A. WIRING 

1.0 Practical Factors 

1. Make mechanical and soldered elec- 
trical connections and splice wire . . . 

2. Make minor repairs to electrical 
fixtures 

3. Climb poles 

4. Make minor on-site repairs to elec- 
tric appliances 

5. Install electric wiring, fixtures, and 
conduits 

6. Correct minor faults in wiring systems . 

7. Lay out and install interior electrical 
circuits including service entrance 
controls and allied equipment 

8. Analyze faults and make on-site re- 
pairs to electrical appliances, equip- 
ment, and circuits related to interior 
wiring systems 

2.0 Knowledge Factors 

1. Common properties of electrical cir- 
cuits (resistance, inductance, capa- 
citance) and units of electricity (volts, 
amperes, ohms) and use of Ohm's law. 



3 
3 



3 
3 



3 
3 



3 
3 

3 
3 
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Qualifications for advancement in rating 



Applicable 
Rates 



CEW CEP CET CES CE 



A. WIRING - Continued 

2.0 Knowledge Factors — Continued 

2. Types of information found in the na- 
tional electric code applicable to in- 
dividual service rating 



ELECTRICAL GENERATORS 
AND MOTORS 

1.0 Practical Factors 

1. Operate and service advance-base- 
type generating equipment 

2. Perform preventive maintenance on 
electric motors and advanced-base- 
type generating equipment 

3. Synchronize alternators; stand gen- 
erator switchboard watches and keep 
operational logs 

4. Rewind, insulate, and bake armatures 
and field coils 

5. Make major repairs to and overhaul 
• generating and control equipment of 

advanced base type, excluding prime 
movers 

6. Analyze and correct faults in elec- 
trical equipment and circuits common 
to maintenance shops 

7. Make major repairs to electric motors, 
portable generators, and appliances . . 

8. Locate, analyze, and repair circuit 
faults common to: 

a. Electric generating and distribu- 
tion systems 

b. Electric appliances and equipment . 

c. Wire communication systems .... 

9. Install advanced-base-type generators, 
switchboards, and distribution panels . 

2.0 Knowledge Factors 

1. Principles of electrical theory as 
applied to: 

a. A.c. and d.c. motors 

b. Generators, transformers, and dis- 
tribution systems 

c. Wire communication systems . . . 
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Qualifications for advancement in rating 



Applicable 
Rates 



CEW CEP CET CES CE 



B. ELECTRICAL GENERATORS 
AND MOTORS - Continued 

2. 0 Knowledge Factors — Continued 

2. Types, construction, characteristics, 
and uses of a.c. and d.c. motors, trans- 
formers, and generators 

3. Relationship of generator capacity to 
distribution system capacity; methods 
of improving power factor 



C. 



ELECTRICAL POWER DISTRIBUTION 
SYSTEMS 



hO Practical Factors 

1. Work as crew member erecting pole 
lines and accessories and installing 
underground cable for electric distri- 
bution systems 

2. Make minor repairs to correct circuit 
faults in electric distribution systems 
and equipment 

3. Analyze and correct faults in electric 
distribution systems 

4. Install transformers 

5. String overhead electric distribution 
lines; and install underground power 
cable 

6. Install instrument transformers in 
power distribution circuit 

7. Splice cable and make connections in 
electric distribution systems 

8. Install, troubleshoot, and service all 
types of automatic controllers 

2.0 Knowledge Factors 

1. Types, uses, and principles of opera- 
tion of secondary electric circuit pro- 
tective devices and switches 

2. Primary electric circuit protective de- 
vices and switches; controllers, relays, 
and solenoids • 

3. Methods and procedures for making 
major repairs and overhauling electric 
relays, solenoids, switches, circuit 
protective devices, and controllers. , . 



2 
2 



3 
3 



3 
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Qualifications for advancement in rating 



Applicable 
Rates 



CEW CEP CET CES CE 



D. COMMUNICATION SYSTEMS 
1.0 Practical Factors 

1. Work as crew member erecting pole 
lines and accessories and installing 
underground telephone cable 

2. Service and charge storage batteries 
used in wire communication systems . 

3. Make minor repairs to telephone wir- 
ing, subsets, and signal circuits 

4. Install storage and dry cell batteries 
used for wire communication systems, 

5. Operate and service manual telephone 
switchboards 

6. Install interior telephone wiring, sub- 
sets, signal circuits, public address 
systems, and interoffice communica- 
tion systems 

7. Analyze, correct faults, and maKe ma- 
jor repairs to signal, telephone, public 
address, and interoffice communication 
systems 

8. String overhead telephone lines and in- 
stall underground telephone cable. . . , 

9. Splice overhead and under ground cable; 
splice-in telephone cable terminals . . 

10. Repair manual telephone switchboards . 

2.0 Knowledge Factors 

1. Types of manual and automatic tele- 
phone equipment used at advanced 
bases 



E. TOOLS 

1.0 Practical Factors 

1. Select and use common electrical hand 
and power tools 

2. Use voltmeter, ammeter, and ohm- 
meter in testing circuits and equipment . 

3. Operate lathes to turn down commuta- 
tors 



3 
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Applicable 


Qualifications for advancement in rating 






Rates 




CEW 


CEP 


CET 


CES 


CE 


D. COMMUMCATION SYSTEMS - Continued 












2.0 Knowledge Factors 
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a. Ciiectric moiors ana generaiors, , , 
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— 


b. Electric distribution systems .... 




3 








€• Wire communicaiion sysiems , • , , 
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2. Types and functions of measuring and 












testing equipment and devices used in 












electriral maintenance as annlied to 












individual service ratings 


2 


2 


2 


2 


— 


3. Principle of operation of Wheatstone 


































1 


F. DRAWINGS AND SKETCHES 












1.0 Practical Factors 












1, Read and prepare elementary wiring 












diagrams to perform tasks on: 












a. Interior wiring systems 


3 










b. Electric equipment and appliances . 









o 
0 




c. Electric distribution systems .... 




3 








d. Wire communication systems .... 






3 




— 


2, Use electrical plans, diagrams, and 












schematics to install or repair: 














2 










b. Electric equipment and appliances . 








Z 




c. Electric distribution systems .... 





2 








d. Wire communication systems .... 






2 






3. Prepare sketches, employing conven- 






















1 














1. Electrical symbols used on wiring dia- 












grams and schematics 


3 


3 


3 


3 




G SAFETY 


1 










1.0 Practical Factors 












1. Perform the following (under simu- 








i 

1 


lated conditions): 










a. Rescue of a person in contact with 


1 






1 




|3 


1 3 


3 
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Qualifications for advancement in rating 



G. SAFETY - Continued 

1. 0 Practical Factors — Continued 

b. Resuscitation of a person uncon- 
scious from electric shock 

c. First aid treatment for electric 
shock and burns and chemical 
burns 

d. Pole -top resuscitation 

2.0 Knowledge Factors 

1. Safety precautions to be observed when 
working with or in the vicinity of elec- 
tric circuits and equipment 

2. Safety precautions to be observed when: 

a. Handling molten lead, compound and 
taping oil used in splicing 

b. Climbing poles, buildings, and tow- 
ers to string or work with wires 
and cables 

c. Charging batteries 

H. FOREMANSHIP 

I. 0 Practical Factors 

1. Prepare inspection and progress re- 
ports, job orders, and material requi- 
sitions; stow and account for spare 
parts 

2. Make equipment and material esti- 
mates from drawings, sketches, and 
specifications 

3. Supervise watch in control room of an 
electric generating station 

4. Supervise and train personnel engaged 
the installation, operation, mainte- 
nance, and repair of electric generating 
and distribution systems, interior wir- 
ing and wire communications systems, 
and shop repair of equipment 

5. Develop operational procedures and 
prepare reports for electric equipment 
and systems 

6. Instruct personnel in practical applica- 
tion of a.c. and d.c. theory 





Applicable 








Rates 






CEW 


CEP 


CET 


CES 


CE 
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3 
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3 
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3 


3 


3 






o 


Q 
0 


Q 
O 





3 


3 


3 


3 




3 


3 


3 


3 


-- 










1 










1 










1 










1 










C 










c 



247 



CONSTRUCTION ELECTRICIAN 1 & C 



Qualifications for advancement in rating 



Applicable 
Rates 



CEW 



CEP 



CET 



CES 



CE 



H. FOREMANSfflP Continued 

I. 0 Practical Factors — Continued 

7. Conduct training programs to qualify 
personnel for advancement in rating, 
including cross-training of service 
rating personnel for advancement to 

the general rating 

Control site deployment of materials 

and equipment 

Train individuals and drill crews in 
safe and expeditious execution of as- 
signed tasks 

10. Direct and coordinate composition and 

efforts of crews 

Direct general job operations involving 
electric generating and distribution 
systems and wire communication 
systems 



8. 



9. 



11 



2.0 Knowledge Factors 

1. Principles and techniques of super- 
vision and job control 



I. DEFENSIVE TACTICS 



1.0 Practical Factors 



1. Maneuver fire teams into various for- 
mations by the use of hand and arm 
signals 

2.0 Knowledge Factors 



1. Employment of fire teams in defensive 
positions 

2. Instructions to t>e given perimeter 
guards 

J. ATOMIC, BIOLOGICAL, AND CHEMICAL 
(ABC) WARFARE DEFENSE 

1.0 Practical Factors 

1. Perform routine maintenance of radiac 
gear and gas alarms 

2.0 Knowledge Factors 
None. 



C 
C 

C 
C 



C 
C 
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ABC warfare defense equipment, 211-235 

air sampler, 224 

computer indicator, 221 

dosimeter, 219 
charger, 224 

nuclear radiation, 211 

effects and symptoms of, 212 

radiac and gas alarm devices, 212 

radiac detector charger, 222 

radiacmeter, 221 

survey meters, 213 

preventive maintenance, 214 
radiac sets, 213-218 

gas alarm, 226-235 

measuring, 212-218 
A-C controllers, troubleshooting chart, 47-50 
A-C power circuit analyzer, 60 
Active duty requirements, 3 
Administrative guidelines, training, 168 
Advancement in rating, 1-1 I 

active duty requirements, 3 

Construction Electrician rating, 1 

enlisted rating structure, 1 

for petty officers, 10 

inactive duty requirements, 4-8 

information sources, 8 

Limited Duty Officer (LDO) Program, 11 
pay, 10 

publications, 9-11 

qualifications for, 2, 242 

training courses, 9 
Advance work schedule, example of, 188 
Air circuit breakers, 30 

Air particle sampler, HD-251/UD, 224. 225 
Alpha particles, 211 

American wire gauge conductor sizes, 16 
AN/PDR-18A radiac set, 212 
AN/PDR-27CY, 216 

Apparatus and equipment, electrical, 15 
Arm-and-hand signals, 207 
Assignment sheet, 183 

Automatic Field Alarm (gas) M6A1, 226 
Autotransformer controller, 42 
Autotransformer starter, 43 
Auxiliary diesel engine-generator set, 90 

Battalion organization, 194-197 
Beta particles, 211 
Booster connections, 121 

illustration, 123 
Branch circuits and feeders and demand factor 

for feeders, standard load for, 20 
Buried cable, location of, 78-80 
Bas bar, 106 



Cables 

preventive maintenance, 81 

repairman's test, 75 
Capacitors, distribution system, 114 
Carbon tetrachloride, 45 
Circuit breakers, 30 

air, 30 

in controllers, 36-50 
oil, 30-40 

power maintenance and inspection of, 30 

testing of contacts, 59 

troubleshooting chart, 37-40 
Circuits, wire, 64-68 
Combat, preparation for, 194-210 

basic organization, 194-197 

combat signals, 206-210 

firing technique, 204 

operations, 197-204 

outposts, 205 

range estimation, 204 
Communications test equipment, 63 

cable repairman's test, 75-82 

Wheatstone Bridge, 63-71 
Communications, wire, 129-167 

dial telephone, 155-160 

interoffice communications systems, 160-166 
outside telephone plant systems, 153-155 
public address systems, 166 
SB-22/PT switchboard, 129 

installation procedures, 131 

maintenance and repair, 132 

operator's pack, 129 

preinstallation procedures, 131 

stacking of two switchboards, 132 
telephone central office sets, 133-153 

TC-2. 138-147 

TC-4. 133-138 

TC-10, 147-153 
Complete indicators, 221 
Computer indicators, 221 
Conductors 

physical properties of, 99 
tracing, 80 

Connections for three-phase generators, 102 
Construction 
assistant, 13 
electrician rating, 1-8 
norms for electrical work, 27 
Controllers and protective devices, 28-56 
controllers, 36-50 

maintenance of. 45-50 
requirements for, 44 
types of, 42 

wiring diagram for a star delta controller ,44 
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Controllers and protective devices--Continued 
protective devices, 28 

circuit breakers, 30-45 

fuses, 28-30 
CP-95/PD computer indicator, 221 
Crew pattern, 27 
Crosses, location of, 76 
Cross training, 178 

Current Ship's Maintenance Project (CSMP), 14 
Daily work report, 189 

Delta-delta transformer connection, 117-119 
Delta-wye connections, 119-122 
Dial telephone system, 155-159 

attendant's switchboard, 158 

automatic function, 156 

central office building requirements, 155 

main distributing frame, 159 

power, alarm, and metering, 160 

test desk, 159 

trunking equipment, 158 
Distribution pole, delta primary, 115 
Distribution transformers, 113 
Doses, radiation, 211 

symptoms and effects of, 212 
Dosimeter, 219 

charger, 224 

DT-60/PD radiac dosimeter, 219 
Ducter ohmmeter, 57 
"•Dummy" fuses, 62 

E-8 and E-9 pay grades, 11 

Eight o'clock reports, 19 

Electrical sketching and planning, 12-27 

apparatus and equipment, 15 

assistant, 13 

blueprints, estimating from, 22 
construction, norms for, 27 
electrical plan, 24 
exterior lighting, 17 

grading, drainage, and drawing index, 23 

hazardous locations, wiring for, 22 

installation schedule, 26 

interior wiring, 18 

laying out a job, 26 

norms for electrical work, 27 

sketching, 13 

switches and outlets, 15 

symbols, 12 

interpreting, 14 
technical requirements, 16 
testing and inspecting, 26 
voltage drop tables, 21 
waterfront facilities, 16 

wattage consumption of elect rical appliances, 
20 

Electrolyte mixing chart, 92 
Electronics assistant, 13 
Emergency ratings, I 

Engineering or machinery assistant, 13 
Enlisted rating structure, 1 
Equipage, 24 
Equipment log, 18 
Exterior lighting, 17 



Family of engine-generators, 83 

Films, training, 10 

Firing 

signals, 209 

teams, 198-201 

weapons, 195 

machine gun, 205 
rifle, 204-210 
Foremanship, 186 

coordination, 186 

estimating labor and material requirements, 
184 

job planning, 184 

orders and directives, issuing, 191 

paperwork, 192 

planning for emergencies, 185 

practical example, 186 

safety, 192 

scheduling, 184 

supervision, 186-192 

delegating responsibility, 190 

job inspections, 190 

shop. 191 

supply matters, 193 

training, 168-183 
Formal surveys, supply, 28-30 
Fraction code, 24 
Full-load currents of motors, 96 
Fuses, 28-30 

••dummy", 62 

maintenance of, 29 

types of, 28 

Galvanometer, adjusting, 69 

Gamma rays, 211 

Gas alarm gear, 212, 226-235 

General ratings, 1 

Generators, power, 83-109 

Grounding 

cable, 33 

circuits, 20 
Ground installation bank, 128 
Grounds, location of, 75 
Guy wires, 128 

Hand tools, stowage of, 22 
Hazardous locations, wiring for, 22 
HD 251/UD equipment, 226 

Headsets, ABC warfare defense equipment, 218 
Helium, 2 1 1 

Identification of materials, 24 
IM-95/PD dosimeter, 219 
1M-107/PD radiacmeter, 221 
IM-PDR-ISA radiacmeter, 213 
Inactive duty requirements. 4 

Information sheets used in training, 175-177 
Information sources, advancement in rating, 8 
Inspections 

and testing, 57-82 

job, 190 

test equipment, 81 
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Inspections - -Continued 

wire communications equipment, 146 

work and progress, 17 
Instruction, 168-183 

formal, 169 

on-the-job, 169 

progrann. 170 

purposes, immediate and long-range, 168 
Interior wiring, 16 

Interoffice communications systems, 160-166 

installation, 160-162 

maintenance and repair, 162-164 

troubleshooting, 164-166 
Inventory, 28 

Job 

codes and list of jobs, 187 
description card, 59 
history card, 60 
order, processing of, 15 
planning, 184 

practical example of, 186 
sheets, 179-182 
sketches, 193 

Leadership and supervision, 7 

Lecture notes, 174 

Liesson plan format, 173 

Lightning arrester connections, 113, 127 

Lightweight, 600 KW portable generator, 89 

generator, 90 

main power unit, 89 
Limited Duty Officer (LDO) Program, 11 
Log, equipment, 18 

Loop or ring distribution system, 1 1 1 
Luminaire, 17 

Machine gun, 195 

positions in combat, 197 
Magnetic across-the-line 

controller, 41 

starter, 40 
Megohmmeter. 59 
Milliroentgens, 211 

Mobile construction battalion (MCB), combat 

organization, 195-197 
Motors and motor protection, 44 
Motor currents table, 19 
Murray loop test, 73 

Neutrons, 211 
Network system, 111 

illustration, 112 
Nuclear radiation, 211 

detection and measuring equipment, 213-218 
survey meters, 213-218 

doses, 211 

routine check chart, 215 
symptoms and effects of, 212 

Ohmmeter, ducter, 57 

Oil circuit breakers, 30-33 

Open-delta bank for light and power, 20 



Open-delta connection (power), 118 
Outlets and switches, 15 
Outposts, 205 

Outside telephone plant systems, 153-155 

Pay, 10 

grades E8 and E9, 1 I 
Pilot wire relaying. 111 
Platform installation, 127 
Platoons, rifle. 201-204 
Plot plan, 22 

Polarity tests, transformer, 63, 69 
Power circuit breakers, 30-32 

troubleshooting, 36-40 
Power distribution system, components of, 110- 
128 

booster connections, 121 
capacitors, 114 
delta-delta connections, 117 
delta-wye connection, 1 19 
distribution center, 112 
distribution transformers, 113 
open-delta connection (power), 118 
primary feeders, 110 
primary mains, 112 
Scott connections, 123 
secondary mains, 116 
single-phase connections, 117 
T connections, 123 
transformer, 113 

connections, 117 

installation requirements, 124 

maintenance and repair, 128 
wye-delta connection, 119 

wye-wye connection (light and power), 120 
Power factor meter. 61 
Power generators, 83-109 

alternator inspection, 93 

auxiliary diesel engine-generator, 90 

conductors, physical properties of, 99 

electrical connections, 93 

for three-phase generators, 102 

electrolyte mixing chart. 92 

full-load currents of motors, 96 

leads, reconnecting, 100 

lightweight, 600 KW, portable generator, 89 

operation of, 109 

safety precautions. 109 

selection of, 83 

computing the load, 87 

power and voltage requirements, 85 

setting up, 88 

switchgear, 107 

watch, 106 
Power test equipment, 57-63 
Preventive maintenance 

ABC warfare defense equipment, 214 

cable repairman's test set, 81 
Primary 

feeders, 110 

fuse cutout connections, 127 
resistor controller, 42 
selective system. 111 
Proficiency pay, 10 
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Protective devices 

circuit breakers, 30-45 

fuses, 28-30 
Public address systems, 166 

Qualifications for advancement, 2, 242 

Radiac and gas alarm gear, 212 

Radiac computer-indicator CP-95/PD. 225 

Radiac detector charger PP354C/PD, 222 

Radiac detector, DT60/PD, 223 

Radiac set AN/PDR-18A. 213 

Radiacmeter 1M-75/PDR-18A. 213 

Radial distribution system, 110 

distribution centers, 113 
Radiation, nuclear, 212 

air samplers, 224 

computer indicators. 221 

detecting and measuring equipment, 212-218 
dosimeters, 219 
gas alarm, 226-235 
radiac and gas alarm devices, 212 
survey meters, 213-218 
Radium, 218 

Range estimation, firing, 204 
Record of Practical Factors, 5 
Records, supply, 193 
Regulators, voltage, 51-56 
Reports 

daily work, 189 
Rifle 

combat signals, 206-210 
companies, 194 

firing, 204-210 
teams, 198 

outposts, 205 

platoons, 197, 

combat formation, 201-204 
commands in fire control, 204 

range estimation, 204 

squads, 198-201 

teams, 198 

units, tactics for, 197 

Safety 

circuit breakers, 32 

code for motors and motor protection, 44 
power generators, 108 

responsibilities of senior petty officer, 192 
Schedules, planning, 184 
Scheduling work assignments, 184 
Scott connections, 123 
Secondary mains, 116 
Secondary resistor controller, 42 
Secondary starter, 42 

Secondary training wire transformer, 124 

Ship's supervisor, 13 

Shop layout, 20 

Shop supervisor, 191 

repair parts, 19 1 

work list, 191 
Shorts, location of, 76 



Signals, combat, 206-210 
Silver contact, 46 
Single-phase connections, 117 

Single-phase installation, fuse size for, 125 

Sketches, job, 193 

Sketching 

adding to existing facilities, 13 

electrical apparatus and equipment, 15 

modifications of buildings, 13 

switches and outlets, 15 

waterfront facilities, technical requirements 
for, 16 
Street lighting, 17 

Substation transformers, maintenance of, 1 14 
Supervision, 7 

delegating responsibility, 190 

job inspections, 190 

orders and directives from higher authority, 
191 

paperwork, 192 
safety, 193 
shop, 191 

supply matters, 193 
training, 168-183 
Supply matters, 193 

Switchboards, wiring, 12 
Switches and outlets, 15 
Symbols, 12 

interpreting, 16 

Tank liners, circuit breakers, 34 
Telephones, central office sets 
TC-2. 138-147 

inspections, 146 

installation of, 145 

main distributing frame, 139 

preventive maintenance, 145 

troubleshooting and repairs, 147 
TC-4, 133-138 

connecting components, 138 

panel BD-97, 135 

performance checklist, 138 

preventive maintenance, 137 

switchboard BD-96, 133-135 
TC-10, 147-153 

connecting equipment, 152 

location for, selection of, 150 

maintenance of, 153 

power equipment, 148 

power supply, 149 

preoccupational check, 153 

setting up, 1 5 1 

switchboard, 147 

test and power/distribution equipment, 
149 

Testing and grounding cables, 33 
Testing equipment, 57-82 
communications, 63 

cable repairman's test, 75-82 
Wheatstone Bridge, 63-71 
grounds, location of, 75 
measurement of unknown resistance, 69 
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Testing equipment- -Continued 
Murphy loop test, 73 
regular Varley loop test, 71-74 
power, 57 

ducter ohmmeter, 57 
megohmmeter, 59 
power circuit analyzer, 60-63 
preventive maintenance 

cable repairman's test set, 81 
Wheatstone bridge, 74 
shorts, location of, 76-81 
Three-phase, four wire secondary mains, 119 
Three-phase installation, fuse size for, 126 
Tracing conductor, 79 
Training (connecting) wires, 124 
Training, 168-183 

administrative guidelines, 168 
classification of subject matter, 170 
formal , 169 

instructional program, 170 
outlining, 171 

lesson plans, instruction sheets, and 
lecture notes, preparation of, 171-183 
on-the-job, 169 

purposes, immediate and long-range, 168 
Transformers 

connections, 115-117 

distribution system, 113 

maintenance and repair, 114, 128 
Two-point primary resistor starter, 42 
Two and three-wire circuits, 66 



Unknown resistance, measurement of, 69 

Murray loop test, 73 

Varley loop test, 71 
Upkeep period, 14 

Varley loop test, 71 
Voltage detector, 33 
Voltage drop tables, 21 



Voltage regulators (feeders), 51-56 

cutting out of service, 55 

induction, 51 

putting into service, 54 

stop voltage, 5 1 

illustrations, 54 

troubleshooting, 56 
Voltmeter, 60 



Wattage consumption of electrical appliances, 19 
Wattmeter, 60 

Wet spots in cables, location of, 78 
Wheatstone Bridge, 63 

preventive maintenance, 74 
Whistle signals, combat, 206 
Wire communications, 129-167 

dial telephone, 155-160 

interoffice communications systems, 160- 
166 

outside telephone plant systems, 153-155 
public address systems, 166 
SB-22/PT switchboard, 129 

installation procedures. 131 

maintenance and repair, 132 

operator's pack, 129 

preinstallation procedures, 131 

stacking of two switchboards, 132 
telephone central office sets, 133-153 

TC-2, 138-147 

TC-4, 133-138 

TC-10, 147-153 
Wire gauge conductor sizes, 16 

Wire sizes, 20 

how to determine, 98 
Work 

advance schedule, 188 
list, 191 

report, 189, 193 
Wye-delta transformer connections, 119, 120 
Wye-wye connections, 122 



